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> . 
E muſt plead a ſort of ne- 


ceſſity as an excuſe for 


wWhe preſumption of this 
addreſs. Of whom could 
we ask protection for a 
work of this kind with ſo much pro- 
priety, or where ſo juſtly hope to 
find it? While a compleat maſtery in 
all polite and uſeful literature, di- 
rected by a ſuperior light of judg- 
ment, and adorned with the trpeſt 
elegance of | taſte, renders you the 
natural patron of evgry work that 
has any pretence to merit ; the ex- 


6 Dupiearion 
3 aordinary application and ſucceſs, 
th in theory and practice, with 
which you have ſo happily culti- 
vated * ſtudy of nature, give the 
following ſheets a peculiar title to 
your favour. But that ſingular hu- 
manity and candor, which are the 
beſt marks of a great mind, and the 
amiable diſtinction of your character, 
werd the principal motives that in- 
duced us to take the liberty of in- 
icribing this performance to you. 
For, whatever defects it may have, of 
this we are ſure, that thoſe who 
but mean welt to the intereſt of 
learning and ſociety can no more fail 
of your indulgence, than of being 
what we with the ſincereſt zeal are, 


SIR, 
abu Tour moſt Obedient, 19229 
17 tha Kh * humble Servants, 


SE Sur Ab. Reid, 
5 Jo RN G RAT. 
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PREFACE. 


HE Phiſoſophical Tranſactions are 
P ſuch repoſitories of curious and uſe- 


ful knowledge, as no age or coun- 
try, but cur own, could ever boaſt; 


fection in ſcience, arts and manu- 
factures, by which Great Britain is juſtly diſtin- 
guiſhed. An Abridgment of them is ſo evidently 
uſeful, and has been ſo univerſally approved by the 

reception of the former volumes, that 
nothing needs be ſaid here in its favour; and 


therefore we ſhall only give a ſhort account | of our 
conduct in compiling this. 


As we find Mr. * and Mr. 
ſured, particularly by the learned Boerhaave, for 
gmitting many of the beſt papers, we have not 
Preſumed to leave out any, but ſuch as ' convey 

new information „or have a anſwered 
ir end. 

But to NPY ſwelling this abridgment too en 


we have taken the liberty to ſtrike out whatever 


appeared ſuperfluous, and frequently to alter the 
language where it, was diffuſed or obſcure ;; yet 
we hope without any prejudice to the ferrſe, which 
we SONY. endeavoured to keep entire and clear. 


On 
Py | | 


Pg 


and to them we owe much of that 


Jones cen- 


j 
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"> * „ | -. . 
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On the other hand, the reader will meet with con- 
fiderable improvements on ſeveral of the moſt va- 
luable papers, beſides the correction of a great 
many errors in them', which the authors them- 
ſelves were pleaſed to communicate , and which 
we doubt not will effectually recommend this 
work, as in thoſe reſpects preferable even to the 
—_—_ .:. N 

The order is nearly the ſame with that obſerved 
in the preceding volumes. We are indeed ſenſible 
of a few miſtakes that have eſcaped us in this 


point, occaſioned by the mix d nature of the pa- 
pers; however, as theſe miſtakes are of very lit- 


tle conſequence, and as we have taken care by 
a full index to direct the reader to every ſub- 
jet, we. flatter our ſelves that they will eaſily 
be forgiven by ſuch as are proper judges of the 
undertaking i 
After ſome part of this work was printed off, 
having frequent occaſion to- turn to the former 
volumes, we found the inconvenience of their 
not having the parts and chapters marked on ere- 
ry leaf. This determined us to inſert” them in 
what remained to be printed, believing that the 
uſefulneſs thereof would ſufficiently compenſate and 
juſtify the want of uniformit y. 
The errors of the preſs we believe are neither 
many nor conſiderable ; ſome are ſcarce to be 


& avoided, in ſuch a work, which requires a con- 
ſtant attention to many little circumſtances. 


aq . 


Oo 


V 0 L VI. 


The Mathomatical Papers. 


THE 


CONTENTS. 


PART TI 


\ 


* 


CHAP. . "pt? 


Geometry, Algebra, Au 


Ld O general propoſitions of Pappus 
Euclid re ee by Mr. Robert 


— fa ay &c. 1723 Pag. 1 


the ſection le, by Mr. 
Marr, Nov *ag wh * 8 » 


1722, 

Geometrical flowers 15 Guido Grandl, 

155 &c. 1723. 9 
A general quadrature of byperbolic. curves, 

* * Samuel Klingenſtiern , Jan. &c. 


V. 75 fnd certain curves, which being i 8 
inter ſect one another in 4 given angle, by 
Auguſt, 1722. 20 


VI. The eleventh prop. of Newton's treatiſe of 


adratures 1 by Mr. B. * 5 
yo &c. 1727. 
Of reducing 8 


Alexandrinus, and tuo poriſms of 


| ſir, by Mr. A. 4e Molere, Sep. &c. 


3 
val. "of equations with impoſſible roots, 74 
Mr. Colin Colin Mac Laurin, May &c. 1726. 


10 
IX. Of the roots of equations, with the de- 


ation of other rules in Algebra, by 

the ſame, March &c. 1729. 55 
X. To determine the number of roots 
in adſected equations, by Mr. pbell, 
Oct. 1728. 78 
XI. The number of roots in any 
equation, reduced to the Carteſian rule for 


LN the number of poſitive and negative 
roots, by the ſame. 
XII. A /bort account 


* 7 99 
ones, and of ſumming t ur 16, fg XIII. Accounts of Books omitted. 107. 
bs” 1 
N — — — — 
Surveying. =, 

I. TO 1 beights by Mr. Patrick's baro-| height of mountains. By Dr. J. G. Scheuch- 
meter enlarged. By Dr. Edm. Halley, | zer, Nov. 1728. = . 112 

Sept. &c. 1720. — 10 II 2. Remarks * the height of mountains in 

II. A new contrivance for taking levels. By Dr.| general, and of thoſe of Swi erland in parti- 


J. T. Deſaguliers, Oct. &c. 1724. 109 
III. Tbe * method of meaſuring the 


ci 


lar. By the ſame, Dec. 1728. 117 


CHAP. 


The CONTENTS 


% 


_—_ 


CHA 


Optics. 


I. AN opficat experiment made by Dr. J. T. 
A Deſaguliers, Nov. &c. 1722. 124 
II. Optical experiments mad by the ſame in 
Aug. 1728. December 1728. 125 
III. Reflections on an appearance in the rain- 
bow. By Dr. Henry Pemberton, Jan. &c. 
1723. 1 ; 140 
IV. 1. A catadioptric teleſcope made by J. Had- 


P. III. 


IV. 2. Obſervations made with Mr. Hadley's re- 
flecking teleſcope by the rev. Mr. Pound, 
July &c. 1723. | 153 

3. Obſervations on the Satellites of Jupiter 
and Saturn made with the ſame teleſcope. 
By J. Hadley, Eg, July &c. 1723. 

A "I 


rious microſcopes [ately preſented to the Royal 


\ 


f TS: 
V. Some account of Mr. LeeuwenhoekS 


ley, E; March &c. 1723. 147 | Society, By Martin Folkes, Eſq; Nov. &c. 
1723. | 154 
. 
p . Aſtronomy. 


I. N Emarks on the allowances to be made yin 
aſtronomical obſervations for the refra- 

dion of the air, with an. accurate table of 
refrattions. By Dr. Edmund Halley , 
May &c. 1721. 158 
II. Refraction of the air different at different 
timer. By Dr. Nettleton, May &c. 1725. 
| 161 

III. Remarks upon the method of obſerving the 
differences IR. aſcenſion and declination by 
croſ hairs in a teleſcope. By Dr. Edmund 


Halley; Sept. &c. 1720. ibid. 
IV. 1. Of the infinity of the ſpbere of fixed ſtars. | 
© By the ſame, fort &c. 1720. 16 


$; 
"ft 4; Of the number, order and light of the 


fix'd ſtars. By the ſame, Jan. &c. 1720. 


16 


V. Remarks on un eſſay of M. Caſſini for fin = |) 


ing the parallax and magnitude of Sirius. 
By the ſame, Jan. &c. 1720. &” 
VI. A new diſcover'd motion of the fixed ſtars. 
By the rev. Mr. ]. Bradley to Dr. Halley, 
N 


VII. On the method & determining the places | 


F the planets, 


by obſerving their near ap- 

pulſes. Co the F388 ars. By Dr. E. Halley, 
Sept. &c. 1721. 131 
VIII. 1. Eclipſe of the ſun, Nov. 27. 1722. 
obſerved at Greenwich. By Dr. Edm. 
alley, Nov. &c. 1722. 182 

2. The ſame ob ſer ved in Fleet; ſtreet, 
London. By Mr. G. Graham, = 
88 ibid. 


| 
| 
| 
x. 


VIII. z. The ſame obſerved at Wakefield is 

Yorkſhire. By Mr. Hawkins, ibid. 
} - 183 
3 The ſame obſerved at Salem N. 


England. By Mr. Tho. Robie _ 70 
Mr. Derham , March &c. N 
ibid. 


I. Eclipſe of the ſun, 25. 1726, ob- 
2 A n 8 Giovann, 


- Poleni, Aug. &c. 1726. 184 
2. The ſame obſerved at Lisbon in the 
obſervatory of the royal palace. By 
J. Bap. Carbone, O. &c. 1. ; 

| | ibid. 

3. The ſame obſerved at Ingolſtadt. 

| the Jeſuits, Nov. 1728. 186 
X. Eclipſe of the ſun at Vera Cruz, March 
11. 1727. By Mr. Joſeph Harris, Jan. &c. 
1728. 18 | 187 
XI. 1. Eclipſe of the ſun near Lisbon, Sept. 
125. 1727. 4. 1. N. $. By J. Bap. 
ibid. 


* Carbone, July &c. 1728. 


2. The ſame obſerved at Rome. By—— 

7 July SC. 1728. 188 
3. The 1 obſerved at Bologna. B 
S. Euſt, Manfredi, July &c. 1728. 

y 190 
4. The ſame obſerved at Padua. By S. 

G. Poleni, July &c. 1728. 191 
XII. 1. Eclipſe of the ſun at Wittenberg, 
July 4. 1730. O. S. By J. Fred. 


. 


eidler, Sept. &c. 1730. ibid. 
- XII. 2. The 


* 


% 


The CO. N 
XII. 2. The ſame obſerved at Padua. By G 


Poleni, ibid. 192 
3. The ſame obſerved at Pekin. By F. 
Ig. Kogler ard And. Pereyra, Aug. 


&c. 1731. ibid. 

XIII. 1. Eclipſe of the moon at Padua, Sept. 8. 
1718. By S. G. Poleni and Gio- 

vamb. Morgagni, March &c. 17240 


193 

2. The — obſerved in the palace of 
the Iſtituto delle ſcienze at Bologna. 
By S. Gem. Rondelli &c. ibid. 


| 194 

3. The ſame obſerved in the Suburbs of 
Bologna ſouthwards. By S. Euſtach. 

and Gabr, Manfredi, ibid. 195 

4. The ſame obſerved at Bologna. B 

the marquis Ant. Ghiſilieri on the ob 
ſervatory in his own houſe, ibid. 197 

XIV. Felipſe of the moon' at Greenwich, Ja- 
maic2 and Berlin, June 18. 1722. com- 
pared. By Dr. Edm. Halley, Jan. &c. 

| 1723. 198 
XV. 1. Eclipſe of the moon at Lisbon, Nov. 
I. 1724: N. S. By J. B. Carbone 

and Domin. Capaſſus, Oct. &c. 1724. | 

-_ (6, 

2. The ſame obſerved at Paris. By M. 
Maraldi, ibid. 201 | 

3. The ſame obſerved at Rome. By 5. 

Fr. Bianchini, Nov. &c. 1726. 

4. The ſame obſerved at Gomroon in 
Perſia. By Mr. William Saunderſon, 

Jan. &c. 1727. 

XVI. 1. Eclipſe of the moon at Briſtol, Oct 


8 


ibid f 


2021 


10 1725. By Jer. Burroughs, Eſq, 
Jan. &c. 1726. 5 ibid. 
2. The ſame obſerved at Albani. By 
S. Fr. Bianchini, Nov. &c. * 
ibid. 
3. The ſame obſerved total at Pekin. 
| By Ig. Kogler, Nov. 1728. 
XVII. 1. Eclipſe of the moon at Padua, Oct 
10. 1726. By S. G. Poleni, Aug. &c. 
1726. 
2. The ob 
JB. — 1727. 
XVIII. Eclipſe of the moon at Pekin, Aug. 
1728. By — May &c. 1730. 207 
XIX. 1. Eclipſe of the moon at e-Dobbs 
in Ireland, Febr. 2. 1728-9. By A. 
Dobbs, Eſq; July &c. 1729. 209 
2: The ſame obſerved at Rome. By 
- m—_ 4. 210 


20314 


. The ſame obſerved at Paris. By — 
* 1 4 * 


— 


1 


TENT S. 


XIX. 4. De ſame obſerved at Padua. By 
S. G. Poleni, ibid. 212 

5. The ſame obſ-yved total at Pekin. 

By — communicated þy J. B. Car- 

| bone, Nov. &c: 1730. ibid, 
XX. 1. Eclipſe of the moon total at Witten 
berg, July 29. 1729. By J. T.Weid- 


ler, Joly &c. 1729. 21 
2. The ſame obſerved at Padua. 18 
9 tbid. * 14 
3. The ſame obſerved at Bologna. B 
S. Euſt. Manfredi, Oct. bu 4 
21 
4. The ſame obſerved in the Bn 
College of the Feſuits. By — ibid. 216 
5. The ſame obſerved in Barbadocs. By 
Mr. Stevenſon, Nov. &c. 1730. 
f f | "21 
XXI. Eclipſe of the moon at Lisbon, Feb. - 
1730. N. S. By J. B. Carbone, Ma 
&c. 1730. wic. 
XXII. 1. Eclipſes of Jupiter's ſatellites from 
1700 to 1727. By Mr. W. Derham, 
April &c. 1728. 219 
— 2. Of Jupicer's firſt ſatellite at Lisbon 
in 172 1724. By J. B. Car- 
bone, Oct. &c. 1724. 226 
— 3. Of Jupiter's ſatellites at Rome, &c. 
in 1724. By F. Bianchini, Nov. 
&c. 1726. ibid. 


amptonſhire in 1724 and 1725. By 
G. Lynn, Eſq; March &c. 1726. 
| 22 
— 5. Of the ſame at Pekin in 1724 — 
; 1725. By Ig. Kogler, Nov. 1728. 


228 

— 6. Of Jupiter's firſt ſatellite at Lisbon 
in 1725 and 1726. By J. B. Car- 

bone, May &c. 1726. ibid. 


— 7. Of the ſame at Toulon in 1725 and 
1726. By Ant. Laval, May &c. 
1726. 229 


— 8. Of the ſame at Lisbon in 1726. By 
B. Carbone, Jan. &c. 17. 
ibid. 

— 9. Of Jupiter's ſatellites at Petersburgh 
in 1726, 1727, and 1928. By Mr. 

de Liſle, Jan. &c. 1729. 230 

— 10. Of Jupiter's firſt ſatellite at Lisbon 
in 1727. By J. B. Carbone, July 

&c. 1728, 

— 11. Of Juyiter's ſatellites at Bologna 


1727. By S. Euſt. Manftedi, Oct. 
1738, * ibid. 
— 2 2 XXII. 12. Of 


* 


Of the fame at Southwick in North-* 


23r 


a 


* 


The coN 


XXII. 22; — Of Jupiter's Satellites at Pekin 
in qo 1728. By ——2 _ 


&c. 1 
— 13, Of the {ame at Pekin is 172.8 and 
1729. By ---- Nov. &c. 1730. 


233 
— 14. Of the ſame at Pekin in 1729 and 
"3730. . By Ig. Kogler, Aug. &c. 


XXIII. 1. ö 


hed eye in Dec. 1730. By Mr. R. 
Lewis, March &c. 1731. 235 
' 2. The ſpot Plato in the moon ſeen 


* 1725, at Rome. B 
Hachul. Nov. &c. 172 
XXIV. 1. An occultation of 
moon obſerved at 1 
Jan. - opccagn By the Feſuits, 
172 
2. = Of Venus by the moon ebforwad 
at Berlin 19. Sep. gs I © 
Mr. Kirck, Jan. &c. 1730. i 


Occult ations ome ſtars by the 
* moon — 4 4 Perle in 1738. 


OV. 


Po of Som 


TENTS. 


XXV. The Lt "of Mercury, and the 
is nodes of his orb determined. By Dr. 

E. Halley, Jan. &c. 1725. 237 
XXVI. Obſervations of Saturn and Jupiter 

made at Southwick in 8 

ſhire. By G. Lynn, E/; 

&c. 1726. = 
XXVII. Obſervations of Mars and Venus in 
1725 and 1726, made at Toulon. 
By Ant. Laval, May &c. 1726. 


XXVIIL Obſervations made at "OWN. | 
1 By Euſt. Manfredi, — 
| ibi 

ſeen at Berlin in 1718. 

Chr. Kirck, Jan. &c. 15 


XXX. 1: Obſervations wpon the comet that 
— Fs ared in 1723. By the Rev, My, 
Ke wy March &c. 1724: 


2 
ame obſerved, By the Log 
Pa ey. ibid. 
3. Tune obſerved by 8. Fr. Bianchini 


at Albani, ibid. 251 
4. The . yn by Mr. W. Saun- 


By ---- May &c. 1730. ibid.“ bay; Jan. &c. 1727. 
4. — Obſerved at Pekin -is 1 — 252 
and 1729, By -- - &c. Nov. XXXI. A paper omitted. ibid. 
1730. 236| XXXII. Accounts of books omitted ibid. 
- — 
; CHAP. v. 
Mechanics. 

I 1 OF: the 3 projectilt. By that the moving forcer of the ſame 2 

. Taylor, Jan. * 1721. 253 are not as the welocities, but as 
II. x. Of an experiment relating to the force 0M of the velocities. By the ſame, 
of bodies in motion. By Dr. H. Pem- rack , 369 

berton, Apr. &c. 1722. i 2 

2. The _ — of 7h ance —_ which ſeem to prove — 
ſtrated. By --- -- ibid. D ts _ * 2 * bodies are N the 
© Z-. Experiments to prove 2 ce wares of their velocities, * 

p moving bodies, proportionable to their & &c. 1727 P — 
—— By Dr. Deſaguliers, Jan. 8. Of the proportion of welocity and 7 a 
&c. 1723. * | hk ies in _—_ 4 ne Dr. 

ome experiments concerning t . „ Jan, CTC. 172 2 
a or bodies. By the ſame, ch III. Experiments relating to the * 75 
Kc. 1723. {4 265} fluids. By Dr. dla Jan. &c. 1721 
5. the forces 7 moving bodies, in the 275 
caſe of the colliſion of ſuch as are not IV. A contrivence to avoid i ities in 4 
elaſtic. By 4 J. Eames, Nov. &c.| clock's motion, By Mr. G. Graham, Jan. 
1726. 2638] 476. 277 
bs 6. Remarks upen # ſuppoſed demonſtration, | | 2 1 

ar 5 | — ; 


The CONTENTS. 


v. A propoſition on the balance not taken no- An 


of M. Pernult's 


« tice of by mechanical writers. By Dr. De- 
faguliers, May &c. 1729. 279 
VI. A mechanical paradox that two equal 
weights ſuſt on a certain balance do 
not loſe their equilibrium by being removed, 
the one farther from, the other nearer to 
the center. By the ſame, June &c. 


VIII. i. 
e itrochio, ſaid to be entirely 
void of frichon. By the ſame, Jan. 


&c. 1730. 0 - ol 
- 2. Farther examined. By the ſame, ibid. 
91 


ä 2 
IX. Remarks on ſome attempts made towards 4 
perpetual motion. By the ſame. Sep. &c. 


1731. 2382] 1721. 292 
VII. Obſervations on the Crane, with im- . 
provements, By the ſame, Oct. &c. 
1729. * 284 
oy 
— — — — 
CHAP. VI. 
Hydroſtatics. Hydraulics. ; 


HE deſcription and uſe of 4 new 


Ls T 


IV. To account for the riſing and falling of 


Ar eometer." By Mr. G. Fahren-| ſome ponds near the ſea, &c. By Dr. De- 
heit. July &c. 1724. 294 ſaguliers, July &c. 1724. 299 
2. A new kind of Hydrometer made by V. Of the motion of running waters. By Dr. 
Mr. - Clarke , ch &c. 1730. 1 Jurin, Sep. &c. 1722. 301 
295 VI. Of the running of water in pipes, By 
II. A caution to be uſed in ming the ſpe- Dr. iers, March &c. 1726. 307 
cific gravity of ſolids, by weighing them in| VII. A deſcription of the water-works at 
water. By Dr. J. Jurin, Sep. &c. 1721. In By Mr. H. Beighton, 
12 * 2 an. 1731. 10 
III. n gravities of ſome bodies. 85 VIII. 4. _ to raiſe water by quick. : 
Mr. G. Farhenheit, May &c. 1724. luer. By Dr. i Jan. &c. 
l 297 | 1722. 314 
* 4 
— C HAP. VII. 
Geography. Navigation. 
I. 1. Diſſertation concerning the figure at ſea within twenty leagues. By 
A of the earth. By Dr. Br Dr. K. Halley, Oct. 2 "oY 358 
: guliers. Jan. &c. 1725. 320] IV. 1. The longitude of Buenos . de- 
2, Continued. By the ſame. March - FPermined from an obſer vation of 
&c. 1725. | FEA P. Feuillet. By the ſame. Jan. 
3. Continued, By the ſame. May &c. &eE. 1722. 364 
1725. | 341 2—— Of Port Royal i Jamaica, 
4. An iment to illuſtrate what By the ſame. Jan. &c. 1723. 
* ſaid above. By the ſame. 365 
uly &c. 1725. Cartagena is America. 
II. To determine * geographical Pe: . ame. Jan, &c, 1723. ibid. 
of places from the appearance of falling ale College i Connecti- 
ſtars. By G. Lynn, Ei; Oct. &c. in New- En By 
1727. ibid. Ar. T. Robie, March &c. 17 
IL Of a method for finding 2 — 
| 3.2 


The CON 


5. Of New York-fort. By W. 
Burnet, Eſq; Octob. &c. 1724, 

ibi 
; 6. . Of - Southwick in the count y 
of Northampton, By G. Lyane, 
Eſq; March &c. 7 366 


7. * of Lisbon, Paris and Lon-“ 


. By J. N Cubone, Oct. &c. 
1724. 307 
8, === Of Lisbon, the fort of 
York, Wanſted and London. By 
the Rev. Mr. J. Bradley , _ 
&c. 1726. 369 
9. eo—-—- Of Toulon aud Lisbon. By 
Anthony Laval, May &c. 1726. 


522 
10. Of Lisbon aud Rome. By 


Fr. Bianchini, Nov. &c. 1726. 
372 

Of Vera Crux. By Mr. 
J. Co Jan. — 1728. ibid. 
laces computed 

12 — — 1 8 


— 
ETC. 1 0 14 | 
13. 292255 o differ 


2 5 ec 


lites. 


ent places, from the 
&s of Jupicer's ſatellites. By 


TENT 1 
Mr. T. Robie, March &c. 1724. 


Of New York fort. - 
W. Burnet, Ei; Oct. &c. = 
ibid. 

3. Of Southwick in the county 

of Northampton. By G. Lynn, 
Eſq; March &c. 1726. ibid. 

4. Of Lisbon. By J. B. Cat- 

bone, lay &c. 1726. ibid. 

Continued. By the ſame. Jan. 

&c. 1728. 378 

6. of Toulon. By Ant. Laval, 

May, &c. 1726. 379 

7. ——— Of Vera Cruz. By Mr. J. Har- 

ris, Jan. &c. 1728. ibid. 

VI. A geographical deſcription and map of the 

| kingdom of Tunis. By the Rev, Mr. 
T. Shaw, Oct. &c. 1729. 380 

VII. Of a new inſtrument for taking 12 

By John Hadley, E/q; Auguſt & 

1731. 382 

VIII. 4 method ſor rowing men of war in a 
calm. = Monſieur Du Quet, Sept. 

&c. 88 

n. 4 ie for io P 

ſhip's way more correctly than by the 


-, F. 1 and others. Jan. &c. log. By Mr. Henry de Saumarez, 
373 Nov. &c. 1725. 390 
V. 1. The 2 F Lale college in Con- 2. Continued. By the ſame. March, Kc. 
necticut colony in N. England. By 1729. 395 
— 7 — : : — 
HA. VII. 
F the manner of bending planks in his Ma-| Cay, Ez, Apr. &c. 1722. | 
O teſts yards by a > ou beat. By R. 3 59 
— = 
ET; 
101 4 


VOL., . PART II 
"++ Phyfinlgical Papers. 
TW | ; CHAS. I ; 


Phyſiology, Meteorology, Pneumatics. 
/ 


I. N experiment to prove an in-| 
| A terſperſed vacuum. By Dr. 
J. T. Deſaguliers, May &c. 


VIII. 1. Obſervations in different places of the 


barometer, thermometer, hygrometer, 
the weather &c, in 1723. By 


1720. I N. Crugius, Jan. &c. 1724. 23 
II. 1. Experiments of the cohefion between a, IX. Tuo tables of obſervations of the ſane 
board and the ſurface of water, By nature in ſeveral years, By the ſame, 
Dr. B. Taylor, May &c. 1721. ibid. 25 
2] X. Six years meteorological obſervations 
2. Experiments concerning the coheſion of | © at Padua. By the Marquis Poleni, 
W By Dr. J. T. Belgier, Oct. &c. 1 fl * 27 
« after Mr. Triewald, July &c. 1725. XI. of the riſe of vapours, formation of 
| ibid. clouds, and deſcent of rain. Dr. 
3. Queries concerning the-cauſe of cohe- J. T. Deſaguliers, Jan. &c. 1729. 
ſion | Fi parts of matter, By | | 33 
Mr. Martin Triewald, March &c.| XII. 1. Of the __ of the univerſal deluge. 
1729... 3 | Dr. Edmund Halley, May &c. 
III. 1. New and. curious electrical experi- 1724. 38 
ments, B/ Mr. Stephen Gray, Sept. 2. Fart her thoughts on the ſame ſubject. 
& 1730. * 6 | ' By the ſame, May &c. 1724. 41 
2. Continued. and improved by the ſame,| XIII. The weather obſerved in a voyage to 
Jan. &e, 1751. wart 14: Hudſon's Bay, By Mr. Chr. Mid- 
IV. An experiment to prove the expanſion dleton, March &c. 1731. 42 
| Y the liquor in the thermometer o XIV. The depth of rain fallen 4 April 1. 
e as the degree of heat. By Dr. 1722, April 1.1723; at W iddring- 
7 B. Taylor, March &c. 1723. 17 ton in Northumberland. By Mr... 
V. Experiments of the degrees of heat in Horſſey, May &cc. 1723. 45 
boiling liquors. By Dr. G. Fahren-| XV. The effetts of a violent ſhower of rain 
heit, Jan. &c. 1724. ibid. id Lorkſhue. By Mr. R. Thoresby, 
VI. A new. barometer. By. the ſame, June &c. 1722. ibid. 
Oc. &c. 1724 18 XVI. 1. EA of lightning in Northampton- 
VII. 1. Tbe beigbih of the barometer at d ſhire. By Ar, J. Waſſe, Sep. &c. 
ferent elevations above the ſurface 1725. * 10 6 - + 
of the earth, By Dr. Nettteton, 2, --==- at Worceſter. ''By Dr. K. 
May &c. 1725. 19 | Beard, May &c. 1726. 47 
2—— in a ſil ver- mine. By And. 3.—— in Caermartbhenſhire. By Mr. 
Celtius, May &c. 1725. 22 E. Dayies, Nov, &c. 1730 49 
3. An extraordinary beigbib of the 4. — m Worceſterſhire, By Dr. 
> barometer. By Mr, G. Graham R. Beard, May '&c. 1726. 50- 
Sep. &c. 1721. ibid. „ 


XVII. Con-.- 
y 


= 


Hcl 


"XVII." concerning the froſt in Jan. 1938. 
By Mr. W. Derham, Jan, ” 6 1731. 
Water f 3 / ibid. 

ater frozen almoſt inſtantaneouſly. 
By Mr. Martin 15 | 2 
&c. 1731. 51 
XIX. Experiments on the freezing of _ 
1. | in vacuo, By Dr. G, Fahrenheit, 
, : March, &c, 1724. ibid. 
XX. | Obſervations on the figures of Snow. 
By Dr. Benjamin Langwith , March 
| &c. 1723. 55 
XXI. 1. Of the meteor called Ignis Fatuus. 
V Mr. W. Derham, Oct. &c. 1729. 

| 6 


5 

2, -===- By Dr. G. B. Beccari to Sir 

| Thomas Dereham, ibid. ibid. 

XXII. 1. 4 * of the great meteor 
| een March 6. 171$. By Mr. Roger 

: Cotes to Dr. R. Dannye, May &c. 

172% 60 

2. A fuminous appearance in the air at 
Dublin, Jan. 12, 1743. By Ph. 

Percival, 'E/q; Jan. &c. 1720. 63 

A = 3 Borealis — 

pſal, > 30, 1717. BY E. J. 

B ona &c. . f ibid. 

4. Obſervations of the Aurora Borealis 

2 Lynn Regis in Norfolk from 
Sep. 5. 1718, to Dec. 23, 1722. By 

* Mr. W. Raftrick, March &c. 

1727. LES” 65 

5. Continued from Feb. 15. 172+, fo 
March 5. 1725. By the ſame, April 

&c. 1727. | 66 
| : 6. An Aurora Borealis obſerv'd at Dub- 

| lin, Feb. 6. 1725. By Mr. J. W 

May &c. 1721. ibid. 
at Cruwys Morehard in De- 
| von. By Samuel Cruwys, E/q; May 

| . &c. 1521. 

: $8 Another at Caſtle | 
in Sep. 1725. By Arthur Dobbs, 
Eſq; Augult &c. 1726. 70 

9. A remarkable one obſerved Oct. 8. 
1726. at Perworth in Suſſex. By 
Dr. Benjamin Langwith, Aug. &c. 

1726. | 4 

10. ef Plymouth. By Dr. J. Hux- 
bam, Aug &c. 1726. 76 

11. -- af Exeter. By Dr. W. Hal- 
ler, Aug. &c. 1726. 79 

near By John * 
0 


ley, Eſq; Aug. &c. 1725. 


XVIII. 


riewald , March 


70 
Dobbs is Ireland | 


_—.The CONTENTS. 


XXII. 13. at Geneva: By Mr. J. L: 
Calandrini, Aug. &c. 1725. 82 
5 at Southwick. in Northamp- 
tonſhire. By G. Lynn, Ei; April 
&c. 1727. 83 
Extratts of ſeveral letters relating to 
the ſame appearance, April &c. 
1728, ibid. 
16. Obſervations on it. By Mr. W. Der- 
ham, April &c. 1727. 84 
17. An account of the Lumen Boreale, 
ſeen at ſeveral times. By Dr, Ben- 
jamin Langwith, July &c. 1527. 
88 


15. 


18. An Aurora Borealis at Liverpool, 


Jan. 5. 172$, July &c. 1727. 89 

Uncommon appearances in one ſeen 

Oct. 13. 1728. By Mr. W. Der- 

ham, July &c. 1729. 90 

— --- one at Geneva, Feb. . 
174g. By Mr. G. Cramer, Maren 
&c. 1730. | 91 

A remarkable one in New England, 

OR. 22. 1730. By Mr. Iſaac - 
wood, March &c. 173m. 92 

22. The ſame obſerved at Annapolis in 

Maryland. By Mr. Richard Lewis, 

> March &c. 1731. 98 

XXIII. 1. Two Parhelia, an Arc of a Rain- 

bow inverted, and an Halo. By Mr. 

W. Whiſton, Sep. &c. 1721. ibid. 

2. A Parhelion near London. By Dr. 
Edmund Halley, ibid. 100 

3. Two Parhelia in Ireland. By Arth. 

Dobbs, E; June &c. 1722. ibid. 

4. Four Parhelia. By My. G. Whiſton, 
April &c. 1727. 102 

5. Two in a Halo at Pekin. By F. Ign. 
Koegler, Nov. 1728. 10 

XXIV. 1. A Rainbow ſeen on the —— 

By Dr. Benjamin Langwith Sep. &e. 

ibid. 

of colours contiguous to the 

inner edge of the rainbow. By the 

ſame, Jan. &c. 1723. 104 

XXV. 1. Effetts of damps. By Mr. Iſaac 
Greenwood, Ott. &c. 1729. 106 

2. Experiments with an engine to dra 

damps or foul air out of mines. By 


19. 
20. 


31. 


Dr. J. T. Deſaguliers, Oct &c. 
5 1727. | ws 109 
XXVI. Papers omitted. : 111 
XXVII. Account of books omitted. ibid. 


CHAP» 


0 
. - 


rb CONTENTS. 


, A 
* - * 


NR; CHAP. u. | 
n 25 a 
Hud. 
14 Machine for meaſuring the dex th V. Ane alvin America. E — 
As the — with 1 2 of oor - ſame, ibid. ” 

tainty. By Dr. J. T. Deſaguliers, VI. Ant account of the opening an ancient well 
| Nov. 1728. 111] dear Queenborough i= Kent. By 
u. Of the currents at the Streight's mouth. the king's officers at Sheerneſs and 
B) -- - OR. 8&6. 1724 113 Chatham. © Communicated by Mr. P. 
III. 1. An account of the tides in the river Collinſon Oct. &c. 1729. ibid. 
Thames. By Mr. Henry de Sau- VII. be nature and virtues of Holt-wa- 


marez, March &c. 1726. 114 
2. Continued. By the fame; March &c:* 
1726. 116 
3. An extraordinary high tide in the river 


on By Mr. J. Lewis. March &c. 


vi The 76 of ſein of tbe maſt onfubre 


4 


130 

4. Of the * for Fuller's earth in Bed 
fordſhire. By Mr. B. agg to 
Dx. n Sep. &cc 27 


5: The frate in Alling for mar 
in lre By Mr. James acl 
May &c. 1726, 5 133 

m. An account of the Peak in 


By A, J. dinge. Jan oy 4 ty 
av. A diſſertaticn on Cobalt. By J. 3 


1 


ble rivers in Euro _ J. G. 
Thames. By Captain Thomas Jones, _ Scheuchzer, Dec. 1 ibid. 
ibid. 118 IX. Of the Lakes in Swi Hand. By the 
IV. The falls of the river Niagara in Canada, | ſame, Dec. 1728. 12s 
* ©, taken from Mr. Boraſſau 5 Paul | 3 3 A. 
NN Eſq; Fe = tle: 00 ee W 
An ; FW — — — — — —— — 2 — 
0 e n e W. - NT 
EE ir 11 F§² ea 
N La. OM -e, towards a natural — V. Ho account the Saltwor ks a8 Soowr 
TEES of mines metall. B) res ant By Dr: E. Bruck- 
Dr. Frank Nicholls an. &c. 1728. I arch 1730, = 
— 122 | VI. 7. Of the Prove of dhamonds By 
; 2. . Continued by the Jane, July kee. . Anthony Leeuwenhoek, Nov. &c. 
1251 1722. | © 141 
1. 1. Of the lead mines in Derbyſhire.) By | Of the diamonds in Brafil, 
Mr. John Martyn, Jan, &c.1729 127 585 *. — Sarmento, 
2. The ſtrata in coal mines, &c. By Jobn | > 
Strachey Eſq; Nov. &c. 1725- vn. 4 * tion Tr ſome curious 
. 1 
4 | The be foot found in digging the 5 wer 
2 Met os 5 36 Lew, July vn. 25 
c. 172 


lant. By Dr. J. Phil. 
IX. A 3 Pdnng found | 
1. 1 account an an 
WS 
$\ ” 1 1 
2. me 1 — e 2 
3 J. J. — 4 fo Sir 
n 
mn .. 6 
- of tee G. Scheuctner, 
. Jaiy, &c. 1724. ibid. 
An account of an iſland raiſed out of 


1 


Breynius, 


ibid. 


1 


. 4 


£ 


Linckius, Nov. &c. 1526. 


135] 


x? 


the ſea in 1720. By Thomas For- 
| & wa * 


2 * 
The CONTENT S. 
ſter EV; to Mr. Machin, June &c. | 1. 42 account jad, O82 2 in New 
1722. | 154 May bee hy 
XII. 1. A large ſhoal of pumi ating 4729 
on the ſes. LI ſame, ibi 
>  tbid. ibid. } XV. Ga "Ho finding of the ground in 
2. A very — iis one. By Mr. John Kent. Communicated by Mr. P. Col. 
| Dove » April .&c. linſon, Nov. _ 158 
1728. ibid. | XVI. Remarks on the of mount ains. 
Xl. | nn By Dr. J. G. — Dec. 1728. 
ä __ 34 . R. Nesbic t Dr. © LI of « book ibid. 
urin, 2 - 15 ; account of 4 omit! | 
XIV. 1. 4 ſhock — C i Kone, | * _ 
. 1 By Mr. Edmind Beſrel to 
og hs, Sloane Bart. ibid. 156 
EE Mere experiments in 1714. | / 3. : in the Baltic in 1920. By Mr. 


By Dr. Brook Taylor to Sir 
Hans Sloane, May &c. 1721. 59 
4. nn-m-- By Dr. P. Muſchenbroek £0 


Dr. Deſaguliers, Sept. &c. 7 
2 Þ)Servingon Seer ff lig 


— 


&c. 1 
4 Mepneti/m — 2 iron ſtanding long 


W. Sanderſon, Sep, &c. 1720. 179 
4. -- ii the Ethiopic ocean in 1721. 
ByCapt:Cornwall, June &c. 1722. 180 
5.— at Vera - Cruz in 1726, and 1727. 
wy J. Harris, Jan. &c. 1728. ibid. 
6. between London and Hudſon's, 
| Captain Chr. Middleton, 
Mic 7 5 1726. 181 


q 


| ion. By Mr. Anth. 7. Continned. By the ſame.Communicated by 
—— 1 — Gee. 1722. 170 | . B. Robins, 8 1731. 5 

W — —— — III. As anuſual agitation in the <4 

in 8 1723. By Mr. re mi Walter Hoxton , Jan. &c 
— Oe. : "» EV. O-. a of the dip dle 25 
ä 2. 3 ˖ 177 Y ervations of . ping-needle at Lon- 
| Woods — don, 1923. By Mr. G. Graham, 
cated with remarks by Dr. Halley, July &c. 1725. 187 
1 0 &c. 1721. 177 192 

N CHAP. V. 
| * 

1. Metbod of the virtues 3. Of the meſa in word. By My. Anth 


— By Dr. Patrick Blair, Jan. &c. 


192 
II. 1. | The anatomice ation. vers | 

- Gles. ' By Albert Seba. . .&c. 

85 1730. 196 

of 32 — of leaves.| 

| | e e Fr. „ &c. 1730. 
ju. g ; | "Iu 


of plants by — external ſtru- 


eee, 


the 
4. Of 


c. 172 1. ibid: 
boxleaves, and the 


oane, 
201 
III. 2. 4 


III. 2. = 


9 colo in = 
IV. I. Le. - grapes. By 


in <4 ped By the fins, 
* bd |. 
ehe. By My. 
to Sir H. Sloane, — 
&c. 1727. 
2. A germmating viſible in its 


berries. By t 2 to the ſame, 
8 

ence x tn it. By the ſame 
to the ſame, Nou. 2528. n ibid. 
VI. Dang trees res ſpringing from rotten = 


3. F 


The CON 


Frvation on Indian corn. By 
Eſq; OF. &c. 1724 
204 


Sep. &c. 1720. 


G. Cramer io Dr. Jarl 
— &c. 1730. 


VII. An apple tree I wit without 27 


: 8 


VIII. OE the motion of 
trees and: plants. 


Fairchild, &c. 1724. 8 8 
Gn Ix. 1. As experiment to: make bulbous plant 


E/q; 


172 


r much ſooner thaw th 
— 

March &c. 1731. 211 
2. 5 _ 2 By Ar. Philip 


Xa 47 10 bar eue 


July « he 25 
F the Alpine —— 
53 fs girls Dec. 1728. 
213 


xu. Obſervations on plants. and-the 


p 


vegetation in New England. By 


Dudley, EH, Oct. &c. 17270 
214 


TENTS. 
XIII. 1. pogo account 70 the poiſon· tres ia New 


the ſame, Jan. — 
1721. 


4 re the ſame — 
B.) . Dr. W. Sherard, ibid. 217 
XIV. An account of the Contrayerva. By 
Ar. W. Houſtoun, OG &c. mr. 


XV. Of the different kinds of 1 cuanha, 
By Dr. Douglas, July Ke. 1729 


XVI. L. An account of the cinnamon-tree. "By 
the chief inſpector of the cinnamon 

trade in Cline, May &c. 1729. 

221 

2. Adaitions' to the foregoing account. B 
Alb. Seba, ibid. S | 

9| XVII. r. A deſcriptiow of the flower ' and ſeed. 


Garcin, Sep. &c. 1730: 232 
2. A remark. By My. J. Martyn, ibid. 


XIX. Remarks on the family of plants call 
Muſa. By 2 ibid. ibid. 
XX. D the Cereus W 
ov. &c 


XXI. te ns 0 755 J. Martyn, 105 


| XXII. 4 cis of Plants preſented to 75 
royal ſociety. 239 
XXIII. Papers 2 252 
XXIV. Accounts of books omitted, ibid, 
1 
— 
— 


b 2 VO L. 


. ; © — 
VOL. VI. 4 
5 Zoolgg), &c. Anatomy, Phyfic, Chymiſtry. 


PAR 1 III. 


CHAP. I. 


Zoology and the Anatomy of Animals. 


JI. 1. F the generation of animals. 

: By Mr. Anthony Leeuwen- 

hoek, Nov. &c. 1723. 1 

| 2, Obſervations upon a fetus, and the 

| parts ef generation of an ewe. By 
4 ' the 2 Sept. &c. 1722. 

3 II. Of the external maxillar, 


ſalivary glands. By Dr. Richard | 


Hale, Jan. &c. 1720. 
The inſertions of all the 
ſels into the veins. By 
| &c. 1720. 7 
IV. Of the Coati Mondi of Braſil. By 
Dr. G. Mackenzie, May &c 1723. 


"my 


the ſame, Jan. 


Ft 31 
V. The anatomy of the Mus Alpinus, or | 


Marmotte. By Dr. J. James 
Scheuchzer, Jan. &c. 1727. 12 
Of the Mooſe Deer in America. By 
aul Dudley, Eſq; May &c. yy 

I 


x 6 ſtone taken out of a horſe at 
ſton in New England in 1724. B 
the ſame, April &c. 1727. 


VI. 


VII. 


1 
VIII. 
oxen. By Charles Price, Eſq; Oct. 
1728. ibid. 
Of a pair of very large horns, and 
what animal they belonged to. By Sir 
Hans Sloane, Bart. Jan. &c. 1727. 


19 

X. 1, Of the teeth and bones of elephants. 

By the ſame, July &c. 1728. 23 

2. Continued by the ſame, Oct. 
—_— - 1728. 


31 
if | XI. Worms found in the kidne evolves. 
'1 4 By My. J. Theod. rod March 

&c. 1730. 

Obſervations 
C. J. Spren 
= 0 


IX. 


40 

wipers. By Dr. 
March &c. 1723. 
| 43 


XII. 


2 
and other | 


4 . | 


Two obſervations on the ſtomachs of 


XIII. I. Aw account of the rattleſuake. By 
Paul Dudley, Efq; March &c. 1723; 


2. Experiments on the effects of the poiſon 
f the 5 ly of he rej 
uly &c. 1727. * 

3. 2 aratus of a rattle- 
ſnake, with the quick effects of its 

5 poiſon. By Mr. by, Jan. &c. 
1728, 49 

XIV. A inſtance of the venom of ſpiders. 


By Mr. Thomas Robie, March &c. 


| mas -- | 2 
XV. 1. The 3 biſtory f cochineal. By 
Dr. W. Rutty, March. &c. 1730. 
2. The natural hiſtory of the Coccus Po- 
lonicus. By R M. Maſſey, Oct. 
- &c. 1731. 54 
XVI. Obſervations on waſps, and the diffe- 
\ © rence 1 their ſexes. By Mr. Der- 
| bam, March &c. 1724. ibid, 
XVII. Of the Scarabæus Galeatus Pulfator, 
or death-watch. By Mr. Hugh 
| Stackhouſe, Oct. &c. 1725. 58 
XVIII. 1. 4, oftrich diſſected. By Mr. Ranby, 
Jan. &c. 1725. 59 
2. Material obſervations on diſſecring an 
; oſtrich. By the ſame. March &c. 
1730. | 62 
3. Obſervations upon the diſſection of an 
2 By Mr. G. Warren, May 
| C. 1726. ibid. 
XIX. Of ſtocking the river Mene with o 
ſters. By the rev. Mr. Row 3 
| _ &c. 1721. 6 
XX. Smelts degenerated in New England, 
| By Paul Dudley , E/; Nov. &c. 
1722. ibid. 


| XXI Lp 


* 


FEY By th ſame 


C. 1722. 
brad lobſter di Hed. 5 
C. 1730. 


xxl. Large 


XXI 4 be 
Dry. Fr. 


XXIII. 1. Fmbergris found 
' _ Boylſton, 
An eſſay on the 
- By Paul Dudley, E/4; 
&c. 1725. | 6 
the Hirudinella marina , or - ſea 
ach, By Mr. Garcin , Sept. &c. 


6 
XXV. of th the membranes encloſing the foſti 


2. 


XXIV. 


The CONTENTS 


— —— 1 a * 


= animals. By the ſame, Jan. dee. 1722. 


79 
. By the ſame, May eg 


1721. 


81 

3. yo rpck By the Jane, April &c. 

v5 

XXVII. .. the particles at. B the 
= bee. ty of ut N 86 


2. N By the Au. 7 . 
vm 


— of 2 fibres. wy An- 25 * the ſame to . 2 

2 N. XCc.1 = 3 OV, XC, 1 * 1 

5 00 Lecuwenbock, Jan __ ek An account . omitted. * 

XXVI 1, Of the muſcular fibres of different I ; 

| CHA P. II. 

F Geral affettions of the in body. jp. 

1 HE —_ 2 decvepit old man. XII. 1. The way of inoculating the ſmall 
To; 1 ames = own in ew —— ee by 


"A &c. 1 


6 . 92 
II. Of the uſe of 2 bile in the animal | 
—_— By Dr. Alexander Stuart, 
| _ &c. 1730. 94 
III. Spittle of an 2 colour. By Dr. 


J. Huxham, March &c. 1724. 104 
IV. Of 'the callus of the hands and feet. 


By Mr. Anthony Leeuwenhoek , | 


&c. 1722. 
V. . nw the Aorta. By Dr 


. Pierce Dod, April &c. 1728, 

2. Obſervations on —_— in general, 

By Dr. Fr. Nicholls, April &c, 1728: 

112 

VI. A very ſingular nævus maternus, or 
_ By Dr. Steigertahl, July &c. 


VII. 4s | fever of the crural arter 15 
Edward Naiſh, Sep. * 
17 23 


Wis 
Of tbe cauſes of the gout. S. Mi- 
chele Pld Jul Ke. 1 116 
Surpriſing effects f a cramp. D Dr 
Steigertahl, May &c. 1720. 117 
A remarkable fiſtula, By the ſame, 
ibid. 118 
Uncommon tumors. By Mr. Joſeph 
Atkinſon, ſer, July F--4 1725. ibid. 


be? 


VIII. 


X. 


110 * 


H. Newman, Eſq, ---- Jun. — 


1722. 
N * the inoculation of the ſmall pox. 5 
2 ettleron, Jan. w 


SIA 
XIII. 1. A method of ocuring the wall, x 
in South 2 By Dr þ + ſmall pox 


Williams, Jan. &c. 1723. 12 
2. Continued by the ſame, ibid, ib 
3. Continued 5 the ſame, ibid. 128 


9 By Mr. Rich. Wright, 


ibid. 

XIV. Of the inoculation of the x, 

and the mortality of chad 75 ber 

| in the natural way. By Dr. T. Net- 

— tleton, — &c. 1722. 129 
A compariſon 3 the 

the natural and paths ray 


Pox. By Dr. Jurin, Nov. &c. COT 
1 
ion at Boſton 


XVI. I. The Has Mr 
B ain J. Of- 
95 Nov. &c. 1 Tg , 137 


2. At Salem iz New England. By Mr 
Thomas Robie, March &c. —_— 


138 


Ba fg XVIL 4 


= - 
— 


8 — — 


7 


' XIX. 


VII. A remarkable inftance of the inſection 
* 0 the 2 By Dr. Forin l 
xvm n 

the anomalous e c [ma x at 
Acad By Dr. ae 

1725 140 

The condition of H er the 
2 by . Fes Jun 


1731. 
FX. 1. of 1 antiquity of the venereal 45 
eaſe. By Mr, William Becket, TX 

| &c. 1720. 
2. 1 By the ſame, Sept. &c. 


The CON/TENTS, 


ens ps 


Dr. Ann 


iments with the bile of perſons 

tad of the plgr 3 K Hl 

1722. 165 

3. 7 By the ſame, June 155 
1722. 

As experiment "with the blood of one 

on dead of the plague. DA Cn 


7 c. 1722. 169 
periments with the bile 


dead of different diſeaſes. By Dr. 
Deidier, NY 1722. ibid. 


159 | XXIV. M6 gi 171 

XXI. of The plague at Conſtantinople. By [ , 
— Zr 
n CHAP. UI. e 
Aedlions of the bead. wy : 


I. 0 — on the _— 2 
Fg =_ e 
ter” Gad wy 
85 I — 


II. A woman that could ſoe only ſome p 5 
of an objeck. By Dr. 5 Va- 

| ter, July &c. 1724. 172 
III. 1. Obſervations on cataractt. By Signior | 


nt. Benevoli zo Dr. Valſalva, Sep. 


&c. 17923. ibid. 


N As eye with a cataract diſſected B57 
Mr. J Ranby, Jan. &c. 1724. 173 


To with cataract᷑s diſſected. By 
rn 


SC. 1724. 5 174 


4. Of the ſubſtance of a cataraf, By 


| £ LW alt. Curients, July &c. 1727. 


175 

w. — quantity of matter run- 
wing out of 4 boys mouth. By Dr. 

Peter Hardiſway, Oct. &c. 1727. 

| I 76 
v. I. An extraordinary. inſtance of the Plic ica 
Polonica. By Dr. Abraham Vater, 


- — 


- Jan. &c. 1731 177 
2. Of the cauſe the Plica Polonica. B 
Sir Conrad. * ibid. wil. 


— _—_  _ 7 K EO — _ ** — 


CH A 


P. 


Aecun, of the neck and thorax. 


At account of the 


C-0tomy at St. —— By Dr. 
G. Martin to Dr. W. Grzrme, Nov. 
&c. 1730. | 1784 
ation of bron- 


ibid. 180 

U. I. A polypus coughed up from the wind 
Pipe. By Dr. Samber o Dr. ys 
April &c. 1727. 


2. A gk ä 4 branch of — | 


operation of bron- 


3 vein, coughed up by an 

4 By Dr. Fr. Ni- 
kin 2 H. Sloane, June &c. 
1731.5 182 
III. 1. Two preternatural ſubſtances 
found in the thorax. By Mr. W. 


Giffard to Dr. Rutty, Aug. &c. _ 


2. A farther account of the. ſame caſe. 
By Dr. W. Rune, ii, # 183 


IV. Con- 


The CONTENTS. 


IV. Concerning the uſe of the langt. By 


Dr. Fr. Nicholls, July &c. 1759, | 


The ftrudture of the diaphragm. BY 
A the ſame, Sep. &c. 1723. ba. 


3. Of the uſe of the 4 — By the ſame 


V. the 25 the diaphragm to Dr. Jurin, Nov. &c. 1 172 1 

8 4 —ů * 
May & &c. 1723. 186 
— — — — ͤ — 
CHAP. v. 
Afections of the Abdomen. 
3 Preternatural ation in the) XII. A hernia goof By . J. dun, 
part of the ſtomach, By Jan. &c. 1728 

Mr. Chr. Rawlinſon , Nov. &c.| XIII. 4 frrange flax = blood chroug 2 
1727. 191 By Dr. Howman #o Sir H. Sloane, 


2. Two wounds in the ſtomach 
2 Rev, Mr. J. Field, 10 
Mr. J. Douglaſs, April &c. 172a. 

be þ Fe 92 

An humation in t omach cu- 
2 * 5 Ar. Atkinſon t the ſame, 
ibid. ibid.. 


Il. - An extraordiner impoſthumation of the 
ler. By Dr. Thomas Short 0 Sir 
H. Sloane, Aug. &c. 1731. 193 

III. Part of the colon hanging out through 4 
wound for 1 4 Jears. By Dr. hs 
2 ham Vater, 255. &c. 1720. ibid. 
IV. The diſſection of 4 women who had a 
large umbilical rupture. By J. Ranby, 
Zia; Oct 6c. 1731. 4 
V. 2 — frlees and ſmall bladder 
By the 2. Jan. &c. 1728. ibid. 
VI. An omentum of a monſtrous ſice. By Dy. 
J — Zo Dr. Jurin, May mu 

| ib 
VII. — in the left ovary cured. By 
i Houſtoun, Jan. &c. 1724 


VIII. Tuo wrcommoen caſes of tumours 75 
abdomen. By Dr. W. Rutty, 
1728. 

IX. 4 dons number of h ydatides 2 


t 


in the abdomen. By Bach. Anborn. | 


88 by Dr. J. Thorpe, Jan. 

„ enn 199 
1 child 4 — with 4 remarkable tu- 
mour on its loins, age oy legs in an 

| odd poſture, By Dr. J. Huxham 0 

Dr. * March Kc. 1930. 201 


XI. A remarkable conformation of the uri- 


ibid. . 
XIV. 25 voided by the urinary paſſage.” 
| ; Dy. Daniel Tome, ov. 1 
1 is 
XV. 1. Of ibe excretery 
h 252 By 2 Vals, Gal 


. 1724- 

2. Of the ſame. By Mr. J. dee 
March &c. 1725. 203 
3. 8 * 3 


XVI. Toa M anaſtomoſes 8 the Y 
Th e elt in a woman. rom- 
* well n * ibid. 
XVII. 1. 4 preternatural ſtructure of the 
1 [ab if generation in 4 woman. ' By 
2 uxham to Dr. Jurin, pt 
c. 


2. = the 2 By Dr. W. Oliver * 
of. 13 7 7 — 

| 3 4 1 : t fo 
5 Amyand, E/, July, &c. 


4 ab 4 E- ker, double birth in Lows 


22 06 . Communicated by Ar. 
Mac Laurin, May &c. 1723 


21 
XIX. 1. An account of a firtus that —— 
46 years in the mother's body. Com- 


2 4 by Dr. Steigertab) , Jan, 


Kc. 1721, \ 
2 As extta-uterine ſetw that! bet fd 
five jears and an half in the mother's 
body. By Dr. Robert oſs. 5 


ile Ih, 8&6 = 7a. al 


| . 


July &c. 1223. | 
XX. 1. The bones g a fetus Bd fs fon ſtool. 
| Ar. Be - Shiever , 


JAM :a& 1 % 25 
„ 


. EN 


Pay >” * r 
„„ 
- = 

4 4 


The CON 
X X. 2. The pr aternatural delivery of a fetus 
at the anus, By Myr. Nourſe, Nov 
&c. 1730. 216 


A fork put up the anus, drawn out 
through the buttock. By Mr. Robert 


XXL 


/ 


TENT's. 
By Dr. J. Huxham to Dy. Rutty, 


March &c. 1730. . 

XXV. 1. Obſervations upon diſſecking the body 
7 a perſon troubled — the — 
Dr. Perrot Williams, May &c. 


vl Payne, Nov. &c. 1725. 219 K 2 

| | XXII. Stones voided anum. By Mr. 2. 55 By Dr. Abr. Vater, May dec. 

1 e H. Sloane] 1/6. ibid. 

Nov. &c. 1723. ibid. 3. By Mr. J. Ranby, Jan. — 

7 xXIIl 1. Vaſt numbers of ſtones woided by 1728. 225 
1 wrine during the uſe of the Pyrmont! 4 By Dr. P. Haidiſway to Dy. 

4 waters. By Dr. Abr. Vater, May W. Stukeley, May &c. ba ibid. 

| | e 220 5. Stones found in the kidzeys, By Mr. 

nm! 2. A large ſtone voided by a woman Dobbyns, April &c. 1728. ibid. 

\ | oy” through the urinary paſſage.  Commu-| XNVI. A new method of tutting for the 

|| nicated by Dr. R. d, Jan. &c. 22 By Mr. J. Douglas, April &c. 

| 323 222 1722 226 

. 2 account of a ſtone diſſolved in the XXVII. Two chirurgical weſtions ſtated and 

| FX bladder, and di Forth through the anſwered. By the ſame, July &c. 

| urethra. By Dr. Laur. Heiſter 0 I727. 229 

5 M. de Thom, Jan. &c, 1731. ibid. 
N A large fone formed in the urethra, } 
a CHA P. VI. 
Aﬀeftions of the bones and joints. 

IT; ervations the bones and the) IV. he caſe in chirurger * miſtaken 

* ws 755 eum 55 Mr. Leeuwen-} 1 fracture 7 the patella, _ 

| Kev &c. 1720. 231 2 oF 237 

The ere bead of the Os humeri] V. 1. Concerning the different beight of a bu- 

Falling off upon a mortification. By man body in the morning and at night. 


9 


Mr. P. Derante to Mr. J. Douglas, 


By the Rev. Mr. Waſſe to Dr. 2 5 


14 


* ZxcgBuy vomiting of blood cured b 
ter. By P. 


Michelotti, June 
&c. 1731. 


2504 


Dr. N. Cyrillus, in &c. 1729. 245 
drinking he cold liquors in un- 


Jan. &c. 1722. 234 May, &c. 17 71 
m. 1 præternatural tumour on the loms of 2. Remarks upon the _ —̈ 
þ an infant attended with. a cloven on, By Mr, Beckett , ibid. 
5 pine. By Dr. W. Rutty, Sep. &c. | - 419 
8 1720. 2351 
712 CHAP. vn. 
LOSER: e | 
mo ey * Pharmacy and Chyniſry. 
wy, | 3 the 3 of medicines.) III. 1. Laurel-water poiſomous. By Dr. T. 
OY By Dr. John Quincy to Mr. Madden, Mazch &c. 1 iy 258 
© Moreland. 240 2, An antidote to the ater, By 
II. 1. Of the uſe of cold water in fevers. By Dr. J. Rutty, ibid. 265 


3. Further experiments with laurel water. 
| By Pr. C. Mortimer, Aug. &c. 1 * 


Iv. Obſervations on Dr. Eaton's ſeypric. By 


4 


Dr. * May &c. * 2 0 


— 


** 
108 
2 


The CON 


in meniacal diſ- 
— — 


rb Dy 
Seer 


726. 
VIII. 4 quantity alcalious ſalt pro- 
. gre 
Al. ahi Vogt. Bac. 270k > 
IX. . 9 · 
» commonly 
. By My. John 


Brown, May &c. 1 [ 
2. * By the s, July &c. 


4 


do XIV. 1. —_ 


TY 
* 


— 


TENTS. 


= <a 


. 


loſſes made 
* of. E 


Ws” 
brendy. By Mr. C. neck 
1725. 321 
1 — 


wy SED — wa 
2 
2. Of the ſame. By Mr. _ 


XV. x. The preeration of the abs ble 
7 


314 2. Obſervations and experiments upon 
X. G of refin in the cortex ing preparation. By My. 
. By the ſame, April ae ET TS TOR 
þ- 3191 
0 V OL. 


— 


VOL. v 


e q E 45 Ant — uit 


op IV. 


0 


46. 


Geer 


Þ 


— „ — 


e © 


Chronological Index. By Sir 

Iaac Newton, July &c. 1725. 1 
II. 1. Remarks on P. Sonciet's dfertations] 
_egainſt Sir Iſaac Newton's 

logy. By Dr. Halley, Jan. &c. 1737. 


5 
2. Continued by the ſame, July Ee. * 


118. Of the equuleus, or 3 korſe of| 
the ancients. By Mr. John gt 

Jan. &c. 1730. 
IV. Of the Styli, and forts of paper uſed by 
2 ancientt. By Roger Gale Eſq; 
ſt &c. 1731. 
Roman inſcription found 4 at Chi- 


— 


$ 


CHAP. L g | : b ; 
(Grey irs im, 


1 ry Earls wpon the obſervations | 
ne e R made on Sir lee Nene ö 


ebrono-- 


o VIII. 4 8 Skeleton of an extraordi- 


— 
e 
, 


— — —— — * bat & 4 4 ol 
4448 


meds i 
4 6" * * 


cheſter. By #he fame, Sept ce 


17 

VI. 1. 4 * avement Ace 
tham # Lincolnſhire. 'By Dr. W. 
Stukely, April Sc. 2 26 
2. OEconomy of the R times near 
8 By the ſame, April &c. 

8. 
VII. (os to the account of things 
| found under ground in Lincolnſhire. 
B 7 Mr. Ralph Thoresby, May me 
2 


nary ſize found at Repton. By Dr. 


| — 
18] IX. 4 te FY ibid. 


Pe ear — — K — 


CHAP. II. 
Miſcellanies. 
I. R. J. C. Le Blon's les V. n account of the N Finns, 
M 3.61 in e pe 2 Fi _ By Peter Eſq; 


&c. 5 Dr. C. Mortimer, June 


&c. 17 30 
25 of making tin plates, ex- 


| * W. Rutty, Dec. 1728. 33 
Ul. Paris and Engliſh weights compared. 
By Dr. J. T. Deſaguliers, Sept. &c. 


1720. 
IV. N Sion on My. de Liſle's ; compariſon 

lee. Paris, &c. By 

vall Eſq; April &c. 1728. ibid.| 


from the memoirs of the ac 
— 75 FR for 1725. By D | 


OR. &c. 1727. 
VI. 1. To diſcover where the bees 9 
woods in New England, in order to 


Jan. -&c. 1721. 
* _ bees now in New 


Engl. ff carried there from 


Yy * ſame, Jan. &c. 
vn. I. = made by a young 


gentle 


man born blind. By Mr. . W. "Chef. 
ſelden, April &c. 1728, 


ibid. 


get gheir Honey. By P. Dudley "ts 


VII. 2. of 


F ˙² ET 


—_— -— — à——̃ oO — . 


— — — — 


The 


VII. 2. the inſtruments uſed in a new 
les 2 the eyes. By the ſame, 

Neri &c. 1728. 44 
Of 4 boy in Scotland that lived a ve- 
tong time” 

. Blair, Jan. &c. 1720. ibid 
IX. Examples of long life. By Dr. S. Degg, 
Ott. &c. 1727 45 

X. 1. Bills of mortality of ſeveral towns 
in Europe, for 1717, 1718 &c. By 
Sir Sprengell Nav. J 


1723. 
2. Continued by the ſame for 1720 &c. 


VIE 


an. &c. 1724. TT my. 8 
3. 2 b he ſame for 1724, end 
1723. goo 8937... 


* 


Dr. nad der 
XII. 


CONTENTS. 


4. The ſame by Dr. Scheuchzer, for 1724 
and 1725, May &c. ner, fr 64 

As extraordinary cure by ſweating in 
bot turf, with a deſcription of the 

"By P. Dudley 

Eſq; July Sc. 1724- 72 

0 4 cure for 222 fevers at 
. &c. 1729. 


XIII. An addition to the deſcription of 2 
» 2 living under water ( over- 


By Dr. E. Halley, May 
&c. 1721. 


* 1 ing By n fa 


„ ** 


vn A be Kc. 1 
DUET 


* 
* 


* 
— \ _ 
£ 1739. 
1 0400 
« 8 o Ld / . 
y fy 38 $ of 


en bil vio Mun vt we gs wn I TAAT 
. 42, alpha eld 
wit l A n nh QT .t a 
— of * bv 
030128 l the win vi . . 


Sil hun 
227 1.52 ling hav A* Inv] * 


0. 


r £ 6 03925 Srl 


Wette rl 


ti trennen 


* »& 


649} with 21 A 74 


* V 3% A N W 6 k 
% Led N 5 Ln MI TSHAY 
3 
* — 
— 0 
Sor: 
p 
»&5 


> 7 
* 


K R RAT A 


Piers: Page ti. Line "wy 1 r read = 
131. 8. Er candle R read candle K k 
132. J. 37. for a b read 4 6. 
133. 1.9. for Rr read Rr 


191. J. 17. for figurz macularum ſolarum read bgura macularum folarium. 8 


PART II. Page 23. en the margin dele Vid. Plate II. 
Y 38. on the margin for 1699 read 1694- 
42. J. 2. After p. 76. add March &c. 1731; 
| : | 46. on the margin add Sept. &c. 1725. 
47- on the margin add May &c. 1726. 
57. I. 13. before two add theſe. | 
180. * June &c. 1722, 77, April &c. 1722. 


PART HI. Page 7. V. 35. for cheek of a calf read check of a cat. 
90. in the running title, for diameters in read diameters of. 
0 92. J. 7. for the General ArrecTtons. read General Arricrioxs. 
202. on the margin, for Sept. &c. 1713. read Sept. &c. 1723. 
203. on the margin, add n. 416. p. 373. Sept. &c. 1730. 
> 215. J. 35. for XXI. 1. 1 
223. for XXV. read XV 
224. on the margin, for a Stone read the Stone. 
233. &c. for Chap. V. read Chap. VI. 
245. Ke. for Chap. VI. read Chap. VII. 


= hs _ _— ers E 
T N 

Philoſophical F RANSACTIO NS 
ABRIDGED. 


, LI, 
4 , K 
PART I ar 
6 
* \ 


Containing the | a2 1 = 


Mathematical PAPERS 


K nn 


— _ 


GH. 
Geometry, Algebra, Arithmetic. © © 


Ear bie N wg , Kc. 


Textus Pappi, qui in bac & ſequente propoſitione injuria temporis iruncatus . 
eſt, hoc mods reſtituendus videtur. | 4 


1 


* I duz rectæ lineæ in duas rectas lineas ſibi mutuo occurrentes Two genera? 
1 vel inter ſc parallelas ducantur,] & dentur in una earum tria 1. 
« puncta [vel duo,\fi recta in qua ſunt, parallela fuerit alicui ex tri- ihn Alen, 
bus reliquis]: cætera vero puncta præter unum e tangant rectam po- 
ſitione datam, etiam hoc quoque tanget rectam poſitione datam.” | 
Hoc autem de quatuor tantum rectis dicitur, quarum non plures — by = 
quam duæ per idem punctum tranſeunt. In quolibet vero propoſito 


- ſon. 3. 377. 
rectarum numero ignoratur, quamvis vera fit, hujuſmodi propoſitio. * 30. ; 
"3 Ns on, * 28 y N 1723. 


* Vid. Pappi præfationem ad lib. 7. coll. math. Apollonii de ſectione rationis libris 
aucb 4 chf. Halleio premifam pcg. b. b . 
d Tria-puntta] — it 


© Tangant retam) i. e. unum punctum tangat unam aliquam th rectam poſitione datamy 
& aliud tangat aliam poſitione datam, . 1 
- 5 12 5 AT. 44 0, r= Z — 8 


- 


* 
8 


* 
B 
. 


Vor. VI. * « 81 


Fig. 1 & 2. 


Two general Propoſitions of Pappus Alexandrinus, 


Si quoteunque rectæ occurrant inter ſe, nec plures quam duæ per 


« idem punctum; data vero ſint puncta omnia in earum, una, unum- 
* quodque autem punctum in alia tangat rectam poſitione datam;“ 
vel generalius fic. Si quotcunque rectæ occurrant inter ſe, neque ſint 
plures quam duz per idem punctum, omnia vero puncta in earum 
una data ſint; reliquorum numerus erit numerus triangularis, cujus 
latus exhibet numerum punctorum rectam poſitione datam tangen- 
tium; quarum interſectionum ſi nullæ tres exiſtant ad angulos tri- 
anguli ſpatii, [nullz quatuor ad angulos quadrilateri, nullæ quinque, 
&c. i. e. univerſim, ſi nullæ harum interſectionum in orbem redeant] 
unaquzque interſectio reliqua tanget poſitione datam. Propoſitio pri- 
ma in decem dividitur caſus, monente ipſo Pappo, quorum ejus, in 
quo nullæ ex quatuor rectis ſunt inter ſe parallelæ, neque rectæ poſi- 
tione datæ per data puncta tranſeunt, demonſtrationem hic appone- 
mus; hic enim caſus inter omnes maximè eſt generalis, ejuſque de- 
monſtratio ſecundæ propoſitionis demonſtrationi omnino eſt neceſſaria. 
Sint igitur quatuor rectæ AB, AD, BE, CE. Et data ſint tria pun- 
cta inter ſectionum A, B, C in earum qualibet, reliquarum vero inter- 
ſectionum D, E, F, una D 7 * rectam G K poſitione datam, alia 
E tangat rectam H K poſitione datam; tanget etiam reliqua F rectam 
poſitione datam. Ducatur pet F recta M F parallela ad AB, PE OC- 
currat ipſis HK, K G, CE, in M, N, O. Quoniam igitur data eſt 
ratio HB ad B C dabitur eidem æqualis ratio M Fad FO, & quoniam 
datur ratio AC ad A G, dabitur eidem æqualis ratio FO ad FN; 
quare datur ratio MF ad FN, igitur fi jungatur FK, quæ occur- 
rat ipſi AB in L, dabitur ratio HI. ad LG; & datur H G poſitione 
& nitudine 3 quare punctum L datur, & datum eſt punctum K, 
igitur K L poſitione datur. 8 

Sit igitur HL ad LG in ratione compoſita ex rationibus HB ad 
BC & AC ad AG, & jungatur K L, erit hæc recta quam tangit 
punctum F, hoc eſt, fi ducatur quævis CE. poſitione datis occurrens 
m D, E, & jungantur A D, B E ſibi mutuo occurrentes in F; recta 


erit linea quæ per K, E, L tranſit. Nam per F ducatur MF parallela 


ipſi AB, & quoniam ratio MF ad FN compoſita eſt ex rationibus 


MF ad FO & FO. ad FN, hoc eſt, ex rationibus H B ad BC & 


AC ad AG, ex quibus etiam componitur ratio HL ad LG; erit - 
HL ad LG ut MF ad FN, & igitur HG ad MN, hoceſt, HK 
ad MK ut HL ad MF: quare recta eſt linea que per K, F, L tranſit, 
per 14. 1 aut 32. 6 elem. 


. Explicatio ſecundæ propoſi Ben 


Obſervandum hic eſt , numerum interſectionùm, quæ in una recta 
reperiuntur in quacunque propoſita multitudine rectarum, quarum non 


plures quam dum per idem punctum tranſeunt, & quarum nullæ ſunt 


inter ſe parallelæ, unitate minorem eſſe ipſo numero rectarum: _ 
3 5 a | 


and two Poriſms of Euclid reſtored. 


duæ in unico puncto ſe invicem ſecant, tertia vero duQa priores in du- 
obus, quarta priores in tribus punctis ſecat, &c. Et igitur numerus in- 
terſectionum in tribus rectis eſt unitas binario aucta, i. e. ternarius; nu- 
merus earundem in quatuor rectis eſt ternarius ternario auctus; in quin- 
que vero rectis eſt ultimus pyzcedens ſeu ſenarius quaternaxio auctus, &c. 


in infinitum; qui numeri, &t manifeſtum eſt, triangulares ſunt, quo- 
rum cujuſque latus eſt numeras interſectionum, que inveniuntur in una 
22 recta, i. e. numerus qui unitate minor eſt numero omnium re- 


rum. Igitur ſi ex hoc numero omnium interſectionum dematur nu- 
merus omnium punctorum datorum, qui idem eſt cum numero interſe - 
ctionum in una quavis recta; reliquus erit adhuc triangularis, cujus la- 
tus ſc. unitate deficit a latere prioris, quod exhibet numerum omnium 
punctorum, & proinde binario minus eſt numero rectarum propoſita- 
rum. Et hic eſt numerus interſectionum quas tangere rectam poſitione 
datam Pappus in hac propoſitione requirit, quarumque ſi nullæ tres ſint 
ad angulos trianguli; [nullz quatuor ad angulos * quadrilateri & ita 
deinceps ;] unamquamque interſectionem reliquam tangere rectam po- 
ſitione datam affirmat. Quæ autem uncis incluſa ſunt, textui neceſſitate 
coacti adjecimus, nam fine 1is propoſitio vera non eſſet extra caſum 
quinque rectarum. 

Commode vero in duos caſus dividitur propoſitio; quos etiam aperte 
ſatis indicat Pappus, qui hypotheſin caſus facilioris propoſitioni hujus 
generis univerſaliſſimæ ſimul & elegantiſſimæ præmittit. 

Caſus primus. Si quotcunque rectæ occurrant inter ſe nec plures 
quam duæ per idem punctum; data vero ſint puncta omnia in earum 
una, unumquodque autem punctum in alia -rangat rectam poſitione 


datam; unaquæque interſectio reliqua tanget rectam poſitione datam. 


Sint enim quotcunque rectæ, ex. gr. ſex AF, BG, CH, D K, EL, 
E A; & data ſint omnia puncta in earum uni, ſc. A, B, C, D, E; 
omnia vero puncta in alia ſc. F, L, ey cn 
datam : unaquzque reliqua interſectio tanget poſitione datam. 
Sumatur enim quevis ex reliquis ex. gr. O, & quoniam-quatuor 
ſunt rectæ OL, ON, AN, AB, & data ſunt tria puncta in una 
earum ſc. A, B, E, reliqua vero præter unum O, viz. ipſa L, N 
tangunt rectam poſitione datam, tanget etiam O poſitione datam per 
prop. I. Eodem modo idem de omnibus reliquis oſtendetur. | 
Cafus Secundus. Cæteris manentibus jam non ſint omnia puncta re- 
ctam poſitione datam tangentia (quorumque numerus binario minor 
eſt numero rectarum propoſitarum) in eadem recta, ſed nulla eorum in 


orbem redeant; oſtendendum eſt reliqua omnia tangere rectam poſi - 
tione datam. : 


> Intelliguntur etiam hic fgurz quarum latera ſe mutuo decuſſant diagonalium inſtar, 
æque ac cæteræ. | 


#4 B2 —— 1 


Fig. 3. 


Two general Propoſitions of Pappus Alexandrinus, 


Lemma I. Si quotcunque rectæ inter ſe occurrant neque plures 
quam duz per idem punctum, & ſumantur quævis rectarum, fit vero 
numerus interſectionum, qui conficitur ſumendo duo puncta in una- 


quaque rectarum ſumptarum æqualis numero harum rectarum; puncta 


hec in orbem redibunt. Nam quoniam ſunt duo puncta in unaquaque 
recta, erunt ad minimum tria in duabus rectis, & quatuor in tribus 
& ita deinceps; ſemper ſc. erit numerus punctorum ad minimum unitate 
major numero rectarum niſi recta ultima tranſeat per punctum pri- 
mum; i. e. niſi rectæ in orbem redeant, in quo ſolo caſu æqualis 
erit numerus punctorum numero rectarum. 

Lemma II. Si quotcunque rectæ inter ſe occurrant neque plures 
quam duæ per idem punctum, ſumantur vero quælibet ipſarum inter- 
ſectiones, quarum numerus numero omnium rectarum æqualis ſit; vel 
he inter ſectiones omnes, vel earum aliquæ, in orbem redibunt, ſeu 
invenientur ad angulos polygoni vel trianguli. 

Nam tres inter ſectiones trium rectarum ſunt ad angulos trianguli; 
ſi vero ſint quatuor rectæ, & ſumantur quatuor puncta, una harum 


neceſſario invenietur in unaquaque recta; quod fi in una aliqua ex 


quatuor rectis unum tantum inveniatur punctum, tria reliqua erunt 
in tribus reliquis rectis, & igitur ad angulos trianguli: ſi vero nulla 
fuerit recta, in qua unum duntaxat punctum invenitur, erunt duo in 
unaquaque ex quatuor rectis, & ſunt quatuor puncta, ergo per Lem. 1. 
ſunt ad angulos quadrilateri. Et manifeſtum eſt ſi fuerint quatuor 
tz, & ſumantur plura quam quatuor puncta, multo magis aliqua 
eorum in orbem redire. 
Sint jam quinque rectæ, & ſumantur quinque interſectionum puncta, 
&, ſi fuerit aliqua ex rectis in qua nullum invenitur punctum ex hiſce 
uinque, erunt omnia quinque in quatuor reliquis rectis; ſi vero 
ert aliqua recta in qua unum duntaxat invenitur punctum, erunt 
reliqua quatuor puncta in reliquis quatuor rectis; igitur in utroque 
caſu puncta aliqua erunt ad angulos trianguli, vel quadrilateri, per 
præcedentem caſum: ſi autem nulla fuerit recta in qua vel nullum vel 
unicum invenitur punctum, erunt duo in unãquaque ex quinque rectis, 
& ſunt 3 puncta, ergo per Lem. 1. ſunt ad angulos quinque- 
lateri. em prorſus ratiocinio oſtendetur in ſex rectis & ita in 
infinitum. Hang 
In fig. 4. ſunt octo rectæ, & octo ſumuntur puncta, quorum qua- 
tuor in orbem redeunt. | Fenn mme a | 
- 'Hiſce præmiſſis propoſitio hoc modo demonſtratur. Primo ſint 
quinque rectæ AD, AE, BF, CG, DH, & demptis punctis datis 
in una rectarum, viz. A, B, C, D, reliqua/erunt ſex puncta E, F, 
G, H, K, L, in quatuor rectis, & tria horum (nam latus numeri tri- 
5 6 eſt 3) quæ non ſunt ad angulos trianguli, a tribus ſc. 
rum propoſjtarum contenti, ex gr. E, F, G, tangant rectam po- 
ſitione datam 3 oltendendum eſt reliqua tria K, H, L etiam tangere 

rectam poſitione datam. 
Quoniam 


= 


and two Poriſms of Euclid reſtored. 5 


Quoniam igitur ſunt quatuor rectæ AE, BF, CG, DF, & tria in- 
terſectionum puncta in ipſis ſumantur, viz. E, F, G; erit una aliqua 
harum rectarum in qua neceſſario invenietur unum tantum ex hiſce tri- 
bus punctis; nam ſecus erit vel aliqua in qua nullum eſt punctum, 
& proinde erunt tria puncta in tribus reliquis rectis, i. e. ad angulos 
: trianguli contra hypotheſin ; vel erunt ad minimum duo puncta in una- 
4 uaque quatuor rectarum, & igitur quatuor eſſent ad minimum puncta; 
E ed ſunt tantum tria; quare neceſſe eſt eſſe aliquam rectam in qua anum 
tantum invenitur punctum: fit hc recta A E, in qua ſc. eſt punctum 
ergo reliqua duo F, G, ſunt in reliquis tribus rectis BF, CG, DF; 
igitur quoniam dantur tria puncta B, C, D, reliquum punctum L in 
iſtis tribus rectis, tangit rectam poſitione datam per primam propoſitio- 
nem: ſumatur nunc GE, recta ſc. ex hiſce tribus quæ tranſit per punctum 
E in quarta recta, & omnia puncta in hàc recta G E tangent poſitione 
datam. . per caſum primum hujus propoſitionis reliqua 
puncta K, tangunt rectam poſitione datam. 
Sint jam ſex rectæ AE, AF, BG, CH, DK, EL; & demptis pig. 6. 
quinque datis punctis A, B, C, D, E, que ſunt in una rectarum, reli- 
qua erunt decem puncta F, G, H, K, L, M, N, O, P, Qin quinque 
rectis; & ex hypotheſi quatuor horum, quæ non in orbem redeunt, 
tangunt rectam poſitione datam; ſint ha, F, G, H, K; & oſtenden- 
2 eſt reliqua ſex, L, M, N, O, P, Q tangere rectam poſitione - 
tam. | 2 
Quoniam igitur ſumuntur quatuor puncta interſectionum F, G, H, K 
in quinque rectis AF, BG, CH, DK, EL; erit una aliqua recta in 
qua unum tantum ex hiſce punctis reperitur; nam ſecus erit vel aliqua 
in qua nullum eſt punctum, & proinde quatuor puncta erunt in qua- 
tuor reliquis rectis, & igitur aliqua eorum in orbem redibunt per 
Lem. 2. contra hypotheſin: vel erunt duo ad minimum puncta in una- 
quaque quinque rectarum, & ita eſſent quinque ad minimum puncta; 
ſed ſunt tantum quatuor, quare neceſſe eſt eſſe aliquam rectam in qua : 
unum tantum invenitur punctum; fit hæc A F in qua ſc. eſt punctum 
F; ergo reliqua tria G, H, K ſunt in reliquis quatuor rectis BG, CH, 
DK, EL, & dantur puncta B, C, D, E; ergo per primam partem 
hujus demonſtrationis reliqua tria puncta in his quatuor rectis, ſc. 
dP, % tangunt rectam poſitione — Sumatur nunc B F, rea 
ſc. ex hiſce quatuor, quæ tranſit per punctum E in quinta recta; & 
omnia puncta in hac recta BF tangent rectam poſitione datam : quare 
per caſum primum hujus propoſitionis reliqua puncta M, N, O tan- 
gunt rectam poſitione datam. Eodem prorſus modo demonſtrabitur 
propoſitio in ſeptem, octo, &c. rectis in infinĩitum, ut patet. 
* autem conditio uncis incluſa in hac propoſitione omnino ſit 
neceſſaria, patet in his duobus exemplis; idem vero univerſaliter præ- 
cedentium ope demonſtrari poteſt. 


Porifms 
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The two Po- 


riſms of Euclid. 


Fig. 7. 


For general Pr 


Poriſma primum. Si a duodys punctis datis inflectantur duæ rectæ 
ad rectam poſitione datam, abſciddat autem earum una a recta poſi- 
tione data ſegmentum dato in eà punto adjacens, auferet etiam altera 
ab alia recta ſegmentum datam habens fationem. ; 

Sint enim duo puncta data D, C, a quihus ad poſitione datam AB 
infletantur DB, CB; quarum una DB abſcindat a poſitione dara EF 
ſegmentum K M adjacens dato puncto M: oſtendendum eſt alteram CB 
auferre ab alià quadam recta ſegmentum datam habens rationem ad 
ipſum KM. | l 
18 CD occurrat poſitione datis AB, EF in A, F punctis, que 
proinde data erunt. A puncto K, in quo inflexa BD occurrit ipſi EF, 
ducatur K H parallela ad AD, & occurrens alteri inflexæ BC in H, 
ipſi vero B A in N. Quoniam igitur dantur puncta A, D, C, dabitur 
ratio AD ad DC, & igitur ratio NK ad K H; quare ſi jungatur E H 
occurrens ipſi A D in G, dabitur ratio AF ad FG; ſed datur AF, 
quare & F G datur, & punctum G; & datum eſt E, quare EG 

ſitione & magnitudine datur; & datur EF, quare ratio 

F ad EG datur; & ducta MO per datum punctum M parellela 
ipſi AD, & occurrens EG in O, dabitur M O poſitione, & ideo 


3 O; & propter parallelas MO, FG, KH eſt MK ad OH, 
ut E 


F ad EG, quæ ſunt in data ratione. Igitur recta B C aufert a 
rect EG politione data, ſegmentum OH dato puncto O adjacens, in 
data ratione ad ſegmentum MK. 2, E. D. i 

Componetur vero ita, fiat AF ad FG ut AD ad DC, & juncta 
EG, per M ducatur MO parallela ad AD; oftendendum\eſt, fi a 
punctis D, C infleftantur ad AB quævis DB, CB abſcindentes ex 
iplis EF, EC, ſegmenta MK, OH punctis M, O adjacentia, fore 
ipſa in data ratione EF ad EG, ſeu, quod idem eſt, eſſe junctam 

K parallelam ipſi AD; hoc vero videtur omiſſum fuiſſe ab Euclide, 
utpote quod tribus verbis indirefte demonſtrari poſſit; Pappus au- 
tem in Lem. 1. ad poriſmata, duas directas ejuſdem demonſtrationes 
aftert, quarum ſecundam, quz paululum eſt corrupta apud Comman- 
dinum, hic ſubjungemus integritati ſuæ reſtitutam. * 

Per compoſitam vero proportionem hoc pacto. Quoniam eſt ut AF 
ad FG ita AD ad DC, convertendo erit ut GF ad FA ita CD ad 
DA, & componendo, permutandoque & convertendo ut AD ad DF 
ita AC ad CG. Sed proportio AD ad DF compoſita eſt ex pro- 
portione AB ad BE, [& EK ad KF, & proportio AC ad CG com- 

ſita eſt ex proportione AB ad BE] & proportione EH ad HG. 

roportio igitur compoſita ex AB ad BE & K ad KF eadem eſt, 
quæ componitur ex AB ad BE & EH ad HG, communis auferatur 


ratio AB ad B reliqua igitur EK ad KF eadem eſt quæ EH 


ad HG; quare HK ipſi A G parallela eſt. 
© Lib. 1. poriſmatum Euclidis, quod ſervavit Pappus Alexandrinus in præfatione ad 


Jib. 7. math. coll. vid. pag. 35. ejuſdem pref. 
Vide Pap. lib. 7. Fol ey - 


239. pag. prior. 


Poriſma 


and ro Poriſms of Euclid reftored. 


Poriſma ſecundum. Quod punctum illud tangit reftam poſitione 
datam. Secundum poriſma videtur ſequenti modo explicandum efle. 

Si a duobus punctis datis, C, G ducantur duæ rectæ CB, GD oc- 
currentes Yuabus rectis poſitione datis AB, ED, ſitque recta DB 
puncta interſectionum jungens paralleh ipſi CG, quæ per datum 
punctum ducitur, interſectio K ductarum tanget rectam pofitione 
datam. 

Occurrant enim poſitione datæ ſibi mutuo in H, & juncta K H- 
occurrat CG in F & BD in M. Igitur propter parallelas eſt A E ad 
EF (ut BD ad DM hoc eſt) ut CG ad GF; & igitur AE ad CG 
ut EF ad GF, datur itaque ratio EF ad GF, & datur EG, quare 
punctum F, & datur punctum H, quare H poſitione. Sit itaque, 
ut AE ad EF ita, CG ad GF, & juncta H F erit recta quam 4 4 
punctum K; hoc eſt ducta quævis GD — FM in K, 
erit recta linea quæ per CK B tranſit, nam eſt DB ad DM ut AC 
ad EF, hoc eſt ex conſtructione ut CG ad G FE, quare DB ad 
CG 8 ad GF hoc eſt ut) DK ad KG, & igitur eſt C KB 
r ea. 

appus idem aliter demonſtrat in 2%? Lemmate, quod hoc modo 
deber legi: ſc. ducatur per G, recta linea G L parallela DE, & jun- 
cta HK ad L producatur. Quoniam igitur eſt ut A E ad EF ita CG 
ad GF, & permutando | AE ad CG ut EF ad GF]; ut autem 
AE ad CG ita eſt EH ad GL, quod duæ duabus ſunt paral- 
lele. Ut igitur EF ad FG ua EH ad GL, atque eſt EH pa- 
rallela ipſi GL, ergo recta linea eſt quz per HK LF tranſit, 


II. I Neunte anno 1507, incidi in methodum qua, zquatiohe data 
| hujus forme. ; | 
— —— . — — 
„ r BN y Ne. =4, 
Vel iſtius, r 
— un — nun | * * 
* AT By +775 Cy &c. Sa; ubi quanti- 


tates A, B, C, &c. repræſentant coefficientes terminorum præceden- 
tium, radices determinavi ad hunc modum. : 


poſito a + y/ aa+ 1 =v in primo caſu.. 
a + aa —1 =v inſecundo; 


* Qued due duabus ſunt parallele, ſc. AE ad DB, & GLad DE, unde eſt AE 


ad DB ut EH ad DH, & eſt DB ad CG (ut DKadKG/ i. e.] ut D H ad LG; 
ergo per 22.5, ct A E ad CG ot E H ad GL. 2 


crit. 


> * Sw 
of an An 

Mr. A. x * 
Moivre. . 374. 


p. 228. Nov. 
&c. 1722 


* Vide Vol. 
IV. P. I. C. I. 
$. XVI. 


Of the ſeftion of an Angle. 


| I 
. I 9 2 . . 
erit'y 2 v * in primo caſu. 


N 


9 — V + IT in ſecundo. 
Solutiones autem iſtæ inſertæ fuerunt in philoſophicis tranſactionibus, 
num. 309, pro menſibus Jan. Feb. Mart. ejuſdem anni.“ 
Jam quibus perſpectum erit quo artificio formulæ iſtæ inventæ fue- 
rint, his procul dubio patebit aditus ad demonſtrationem ſequentis 


theorematis. 


Sit x ſinus verſus arcus cujuſlibet. 
ſinus verſus arcus alterius. 
1 radius circuli. 


Sitque arcus prior ad poſteriorem ut 1 ad , tunc, n binn 


æquationibus quas cognatas appellare licet, 


28 
1212 * 4 2 22 


1 — 22+ 22 = — 22x, 
8388 2, orietur * qua relatio inter x & ] determi- 
natur. 


Coroll. J. Si arcus poſterior ſit ſemiciccumferentia, æquationes erunt. 


142 = 

1—2 2+ 21 = — 22. 
e quibus ſi expungatur z, orietur æquatio qua determinantur ſinus verſi 
arcuum qui yi nt ad ſemicircumferentiam, ſemel, ter, quinquies, &c. 
ſumptam, ut 1 ad u. 


Coroll. II. Si arcus poſterior fit circumferentia, #quationes erunt. 
1 - 2 = 0 
1 — 22 + ZZ = — 22x. 
e James 6G expun atur 2, orietur æquatio qua . determinantur ſinus 
verſi arcuum qui {1 fit ad circumferentiam, ſemel, bis, ter, quater, &c. 
ſumptam, ut 1 ad u. 
Coroll. III. Si arcus poſterior ſit 60 graduum, æquationes erunt 
1 — 2 2 2 f | 
1 — 22 +ZZ=—22x. 
e quibus ſi expungatur ⁊, orietur æquatio qua determinantur ſinus | 
verſi arcuum qui f int ad arcum 60 graduum. 


o 


> > 5 » 2 „ 
per: a — * x &c. 3 F 


m 1 ad 1. 


Si 


Geometrical Flowers. 
Si arcus poſterior fit 120 graduum, æquationes erunt 


n 2,0 
i +2 +2 =0 
1 — 22 +£22=—22xXx. 


e quibus fi expungatur z, orietur æquatio qua determinantur ſinus 
verſi arcuum qui {int ad arcum 120 graduum. 


per — 4 = f, &c. & multiplicatum 


ut 1 ad », | 
His vero æquationibus poſſunt addi he binæ alteræ quibus uſus 
ſum 1n bore qui inſcribitur Miſcellanea Analylica. 
1 — 212 + z O 
1 — 2x2 + ZZ o 


ubi nunc & x denotant coſinus arcuum duorum eodem radio 1 de- 
ſcriptorum, quorumque prior ponitur eſſe poſterioris multiplex in ea 
ratione quam habet ad unitatem; cum autem æquationes ad coſinus, 
eodem principio innitantur atque illæ æquationes quæ ſunt ad finus 
verſos, nulla alia mutatione facta quam ut ſcribatur / pro 1-1, & x 
ro 1 — x, ſi quis eſt qui horum demonſtrationem requirat, is adeat 
3 rædictum. | 


III. Def. I. Flores Geometricos generatim appello quaſlibet figuras Gromerrica! 
curva quadam per aliquot foliorum, ſeſe ab uno centro expandentium, flowers by 


perimetrum recurrente circumſcriptas, quales exhibent fig. 9, 10, 11, 


12, 13 3 quos quidem flores, pro numero foliorum, bifolios, trifolios, 
tetrafolios, pentafolios, hexafolios, &c. licebit nuncupare. 


GuidoGrandi. 


n. 378. p. 385. 
Ju v, &c. 1723. 


. Ig. 9,10, 11, 
Def. II. Cùm porrd innumeris modis ejuſmodi flores generari poſſint, 12, 13. 4 


eam geneſim hic ſpeciatim conſideramus, quæ per ramos a centro 
floris prodeuntes, æquales verò ſinubus angulorum, iis angulis, quos 
cum data poſitione linea rami comprehendunt, in data aliqua ratione 
proportionalium, procedit: cujuſmodi curvas Rhodoneas dudum ap- 
pellavimus, eamque proportionem rhodoneæ cuilibet propriam dici- 
mus. 8 

Def. III. Rhodoneam ſimplicem appellamus, quæ una circulatione 
perficitur, duplicem quæ duplici, triplicem quæ triplici, & fic dein- 
ceps pro numero circulationum. FR; 

Itaque ad rhodonearum deſcriptionem aſſumpto quolibet circulo 
cujus centrum C, & ducto ubilibet radio CD ad radium poſitione da- 
tum C A utcunque inclinato, fit angulus AC D ad angulum ACG 
(five arcus AD ad arcum AG) in data ratione a ad b, ductoque ſinu 
G H, fiat CI æqualis G H; erit punctum I ad rhodoneam ſupra 
definitam. ph | 

Ejuſmodi rhodonearum proprietates præcipuas enucleabimus, nec 
_ ſpatia, & perimetros breviter dimetiemur ſequentibus propoſitio- 
nibus. | 


Vor. VI. PART I. C Prop. I. 


Fig. 14, 15- 


10 


Geometrical Flowers. 


Prop. I. Si fuerit arcus E A ad quadrantem A F (five angulu 
E CA ad rectum) ut à ad b, erit E C unus e maximis ramis rhodo- 
neæ, ſive erit E apex unius ex cus foliis. 

Nam ex deſcriptione patet, ponendum eſſe ramum CE æqualem FC 
ſinui quadrantis A F, qui omnium ſinuum eſt maximus. 

Prop. II. Quodlibet folium rhodoneæ circa axem CE hinc inde 
quali, uniformi, & ſimili expanſione ſpargitur. 

Factis enim hinc inde æqualibus angulis ECM, ECD, ob arcus 
æquales interceptos EM, ED, ſi fuerit arcus AM ad AN, ut AE ad 
AF, ut AD ad AG, nempe in data ratione à ad b, etiam reſidua EM, 
FN, itemque ED, F G in eadem ratione erunt, adeoque cùm antece- 
dentia EM, ED æqualia ſint, etiam conſequentia FN, FG invicem 
æquabuntur, uti & reſidua ad quadrantes NK, GA, quorum ſinubus 
cùm æquari debeant rami rhodoneæ CL, CI, & ipſi æquales erunt; 
quare ab axe CE hinc inde æquali, & uniformi expanſione ſpargitur 
quodlibet folium rhodoneæ. 

Coroll. I. Ob æquales arcus EM, ED fit AE medius arithmeticus 
inter AM, AD, qui intercipiunt æquales ramos rhodonez ; ideoque 
horum ſumma illius duplum adæquat, five æquatur toti AEP arcui 
ſectoris circumſcribentis unum rhodoneæ folium. 

Coroll. II. Hinc etiam arcus MP æquatur AD. | 

Corell, III. Et eorundem arcuum A M, AD ſumma ad ſemiperipheriam 


AN eſt in data ratione à ad h, quam habet AE ad quadrantem AF, 


Coroll. IV. Et ſector APC rhodoneæ circumſcriptus, eſt ad ſemicir- 


culum in eadem data ratione à ad i, quam habet arcus AP, five ſum- 
ma duorum AM, AD ad ſemiperipheriam AN K. 


Prop. III. Numerus fol iorum, quibus iategra rhodonea ſimplex 
compingitur, eſt ad unitatem, ut 2 + ad a. | 

Tot enim folia emergunt ex hac deſcriptione, quot ſectores unicuique 
folio circumſcripti intra circulum diſponi poſſunt; ſed quilibet ſector 
eſt ad ſemicirculum, ex coroll. 3. præced. ut à ad b, adeoque ad cir- 


culum ut @ ad 2 5, quare numerus foliorum in una circulatione eſt ad 
unitatem ut 2 þ ad a. P: 


Coroll. I. Hine rhodoneam ſimplicem deſcribere poſſumus, que 
datum foliorum numerum mn, puta fex, complectatur, fi nempe pro 
ratione a ad b aſſumatur ratio 1 ad — (in caſu propoſito 1 ad 3) quo- 
modo erit 2 þ ad a, ut n ad 1 (in propoſito ut 6 ad 1) adeoque prodibit 
datus foliorum numerus n. | | 
.. Croll, I. Sed & rhodoneam duplicem, triplicem, quadruplicem, &c. 
eadem arte componemus, dato toliorum numero in ſe recurrentem, fi ni- 
mirum pro rhodonea duplici ſumatur ratio 1 d exiſtente dato nu- 
mero m impari, alias prodiret rhodonea ſimplex ſubduplo foliorum nu- 
mero, quæ in ſecunda circulatione ſibimet ſuperporeretur, per eadem 
| foliorum 
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foliorum veſtigia recurrens. Pro rhodonea triplici ratio 1 ad — dum- 


| modo numerus mn non fit per 3 diviſibilis, alias iterum ſimplex rhodo- 
nca prodiret ſubtriplo foliorum numero contenta. Similiter pro qua- 


druplici rhodonea ratio 1 ad a inſerviet, dummodo numerus n ſit im- ( 


par, alias rhodonea ſimplex, aut duplex, ut antea oriretur; oportet 
enim in prima circulatione reſpectu rhodonez duplicis haberi integrum 
aliquem foliorum numerum cum; alterius folii, reſpectu triplicis cum 4, 
vel 3 foly, reſpectu quadruplicis cum 3, vel 3 alterius folii atque ita 
paritormiter in alis. | | 

Prop. IV. Si ratio à ad b non fit numeris effabilis, ſed arcus DA, 
G A ſint incommenſurabiles, innumera folia ſibimet per infinitas circu- 
lationes advoluta circumponentur. | | 

Quælibet enim circulatio, præter certum foliorum integrorum nu- 
merum, partem folii ſuo toti ineommenſurabilem comprehendet, nec 
unquam ad idem punctum deſcriptio reyertetur, adeò ut æquatio ejuſ- 
modi curvæ infinitorum ſit graduum. vide fig. 13. | 
: Prop. V. At fi ratio à ad b fuerit dupla, prodibit rhodonea uni- 

olia. | 

Nam ex prop. 4. multitudo foliorum eſt ad unitatem ut 2bad a; ſed 
in hoc caſu à eſt 2, & beſt 1, quare multitudo foliorum eſt ad unitatem 
ut 2 ad 2, ſive ut 1 ad 1; adeoque numerus foliorum eſt unitas. Et ſane 
arcus EA, qui fit ad quadrantem A F ut a ad b, nempe in ratione du- 
pla, eſt ſemiperipheria, adeoque ſemicirculus eſt ſector AF E circum- 
ſcriptus femifolio, cujus axis EC ex prop. prima, ideoque integro folio 
circulus integer circumſcribitur. 

Coroll. I. Facilis eſt hujuſmodi rhodoneæ unifoliz deſcriptio, fi ſu- Fig. 16. 
per radio E C deſcribatur ſemicirculus, & ducta chorda ESD, in radio 
CD ponatur CI æqualis interyallo CS; nam cum CS fit ſinus anguli 
CES ad radium CE computatus, ejuſque anguli duplus fit A CD, 
crit ramus CI ad rhodoneam rations duplæ, juxta geneſim præmiſſam. 

Coroll. II. Undeetiam, fi centro C, quolibet intervallo C8, in difto 
ſemicirculo arcus PS deſcribatur, & tantundem extendatur in I, ut ſint 
arcus PS, SI æquales, erit punctum I ad rhodoneam ; quippe CS per- 
pendicularis chordæ E D bifariam ſecat in præcedenti deſcriptione an- 
gulum ECD; cumque fit C M æqualis E 8, punctum I eſt in arcu 
circulari, centro C per I & S tranſeunte, qui continuatus in P rema- 
net bifariam ſectus in 8. N | F | 
Coroll. III. Et hinc patet hanc rhodoneam duplam eſſe circuli ſuper 
diametro EC deſcripti, ob quoſlibet arcus ISP duplos ipſorum SP, in- 
deque dimidiam circumſcripti circuli, cujus diameter E A; id quod 
conſonat infra generaliter demonſtrandis prop. octava. | 
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Prop. VI. Ubi ratio @ ad b eſt æqualitatis, efficitur rhodonea 
bifolia, quæ nihil aliud eſt quam duplex circulus ſubduple diame- 
tri ad diametrum circuli, qui rhodonez circumſcribitur. | | 

Nam ratio 2 þ ad a erit ratio dupla, ergo ex prop. quarta multi- 
tudo foliorum dupla erit unitatis: & ſane deſcripto circa radium FC 
velut diametrum ſemicirculo, quoniam ramus rhodonez CI debet in 
hoc caſu æquari ſinui ipſiuſmet arcus A D, utique punctum I ad pe- 
ripheriam dicti ſemicirculi pertinget, adeoque duplex circulus, circa 
radios FC, CV velut diametros deſcriptus, erit locus talium ramo- 
rum, id eſt, rhodoneam ipſam bifoliam conſtituet. 

Coroll. Etiam hic conſtat rhodoneam bifoliam dimidiam eſſe cir- 
culi circumſcripti, atque adeo æqualem unifoliæ rhodoneæ præce- 
dentis propoſitionis. 


Prop. VII. Quodlibet folium rhodoneæ eſt ad quadrantem circu- 
larem ut a ad bh. | 

Ductis enim radiis infinite proximis CID, Ci d, & ductis ſinubus 

H, g h correſpondentibus, nempe æquantibus ramos interceptos CI, 
Ci, deſcriptoque concentrico arcu I R, patet fore elementum CI i 
ſemiſolii rhodoneæ ad elementum G H 5g quadrantis, ut + arcus IR 
ad H b, eo quod baſes Ci, g h trianguli elementaris Ci I, & rectan- 
guli elementaris g þ H G æquentur; ergo duplum ipſius CI i ad GH 
hy eſt ut integra RI ad H b, nempe in ratione compoſita ex RI ad 
Dad, & Dd ad Gg, & Ggad Hb; ſed quia Gg ad H h (ex theorĩa 
infinite parvorum) eſt ut radius Cg ad ſinum g b, nempe ut CD ad 
CI, vel D4 ad RI, ratio Gg ad H h elidit æqualem ſibi reciprocam 
RI ad DA; quare ſupereſt, ut ratio RI ad H h eadem fit, quæ D d 
ad G g; ſed hæc eadem eſt quæ à ad b, cum in tali ratione ſint, tam 
AD ad AG, quam Ad ad A, adeoque & reſidua eandem rationem 
ſervent; ergo RI ad H, five duplum elementare ſpatium CI i ad 
elementum quadrantis GH hg, eſt in dicta ratione a ad b, & hoc ſem- 
per; Teitur duplum ſemifolii CI E, nempe integrum folium rhodoneæ, 
eſt ad quadrantem, utaadb. 


Corull. 1. Hinc ſemifolium CIE ad quadrantem eſt ut; à ad b, 
ſive ut a ad 26. | 


Coroll. II. Item ſegmentum phodonez CI 3 ad ſemiſegmentum circuli 
Agb eſt in cadem ratione a ad 2b, 
Prop. VIII. Quodlibet folium rhodonez medietas eſt ſectoris cir- 
<ularis ſibi circumſcripti, & integra rhodonea ſimplex medietas cir- 
culi, duplex duorum, triplex trium circulorum, &c. 


Nam ex præcedente quodliber folium eſt ad quadrantem ut a ad b, 


ideoque ad ſemicirculum ut a ad 2 b, fed ex coroll. 4. prop. 2. ſemi- 
circulus ad ſectorem folio circumſcriptum eſt utþ ad a; ergo ex æquo 
perturbatè quodlibet folium eſt ad circumſcriptum ſectorem, ut b ad 2b, 
ſeilicet in ratione ſubdupla; quare & omnia folia rhodonez ad omnes 
circumſcriptos ſectores, id eſt rhodonea ſimplex ad circulum, duplex 
ad duos circulos, triplex ad tres, &c. in eadem ſubdupla ratione 
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Aliter. Numerus foliorum ex prop. 3. eſt ad unitatem, ideoque -- 


rhodonea ipſa ad unum folium (fieſt fimplex) ut2 bad a; fed folium. 


eſt ad quadrantem circuli, ex 5 ut a ad b, ergo rhodonea ſimplex 
eſt ad quadrantem circuli ut 2b ad 6, ſcilicet in ratione dupla; quare 
ſimplex rhodonea æquatur ſemicirculo. Similis diſcurſus rhodoneis 
duplicibus, & triplicibus applicari poteſt ; nam in illis numerus foli- 
orum eſt ad unitatem ut 4 b ad a, in his vero ut 69 ad a, &c. 

Coroll. I. Quælibet rhodonea ſimplex cuilibet ſimplici rhodoneæ 
eidem circulo inſeriptæ æqualis eſt, quocunque foliorum numero con- 
ſtet, ſemper enim æqualis eſt ſpatio ejuſdem ſemicirculi. 

Coroll. II. Item quælibet rhodonea duplex cuilibet duplici, & quælibet 
triplex cuivis triplici æqualis eſt, ob eandem rationem 3 quippe illa 
ſpecies eſt ſemper circulo zqualis, hec ſeſquicirculo; & fic de aliis. 
Oportet autem in duplici, aut triplict rhodonea computare ſpatia fo- 
liorum quæ ſibi ſuperponuntur, tanquam diſtincta eſſent. 

Prop. IX. Bifariam ſecto angulo E C A, quem axis folii rhodo- 
neæ cum tangente CA continet, per rectam CD, & ramo CI deſcrip- 
to arcu circulari IST, erit lunula TEI quadrabilis, nempe ad qua- 
dratum radii, ut a ad 4 5. | 
 Chm fir enim quadrans FA ad AE, ut AG ad AD, qui eſt ipſius 
AE ſemiſſis, erit AG medietas quadrantis; ergo quadratum radii CG, 
vel CD, duplum eſt quadrati ſinus G H, five rami CI; ideoque ſector 
SCI ad ſetorem* ECD fimilem, ut 1 ad 2; ſector vero ECD ad 
FCG eſtuta ad ; hæc enim eſt ratio arcuum ED, GF, ut eadem 
eſt integrorum EA, FA, & ablatorum AD, AG; ergo ex æquo 
ſector SCI ad ſectorem FCG erit ut à ad 2 bh, nempe ut ſemifolium 
CIE ad quadrantem FG AC, vel ut ſegmentum rhodonez CI ad 
ſegmentum A GH, vel ut reſiduum CEIC ad reſiduum FG HC, 
quare etiam reliquum ſemifolii S EI eſt ad reliquum triangulum CH G, 
aut tota lunula ad quadratum CH GP, in eadem ratione a ad 25, 
& ad quadratum radii CG, quod prædicti quadrati eſt duplum, erit 
ut a ad 4. Art | 

Coroll. I. Cùẽm numerus foliorum rhodonez fimplicis fit ad unita- 
tem, adeoque etiam ſumma omnium lunularum, quas integra periphe- 


Fig. 20. 


ria radio C T deſcripta abſcindit, ad unam lunulam T EI, ut2bada; 


= veto lunula ad quadratum radu ut @ ad 46, patet eſſe ſummam 
ictarum lunularum ad quadratum radii ut 2 þ ad 4b, nempe ſubdu- 
plam; hoc eſt ſummam talium lunularum æquare um ipſum 
G6 HCP quadranti inſcriptum. | 

Coroll. II. Unde ſumma lunularum ex una rhodonea per dictam peri- 
pheriam abſciſſarum, æquatur ſummæ lunularum ex qualibet alia rho- 
donea, quotcunque foliorum\ fuerit, eidem circulo inſcripta ſimiliter 
determinatarum. b 

Coroll. III. Cùm ejuſdem ſectoris E CA medietas ſit tam ſemifolium 
EIC, quam ſector E CD, vel EDA, nec non ſector CSV, fiunt ſeg- 
mentum CI æquale trilineo EI D, & ſemilunula ES] trilineo CLV #- 


2 qualis, 
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Fig. 24, 25. 


CG in data ratione a ad 26. 
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qualis, quod propterca erit pariter quadrabile, utpote ad triangulum 


Corell. IV. Et ſumma horum trilineorum in qualibet rhodonea pari- 
ter ejuſdem erit quantitatis, utpote ſummæ lunularum ejuſdem, vel cu- 
juſcunque alterius rhodoneæ ſimplicis eidem circulo inſcriptæ ſemper 
æqualis. 

Coroll. V. Adeoque ſi illa triangularia foliorum rhodoneæ interſtitia 
pro foliis computentur, flos inde totidem foliorum perfectè quadrabilis 
exſurget. | | 

Prop. X. Ad quodlibet rhodoneæ punctum I tangentem du- 
cere. | 
Factum jam ſit; ductaque ramo IC perpendicularis CM, conve- 
niat cum tangente IM in M; & radio CI arcus IR infinite parvus 
deſcribatur uſque ad alium ramum Ci infinite proximum, ſintque ra- 
mis CI, Ci æquales ſinus G H, gh, & circuli tangens G L occurrat 
diametro in L. EritergoICad CM ut i R ad RI, nempe in ratione 
compoſita ex i R, ſeu gO, ad OG (hoc eſt gh, vel i C, adbL) 
& OG, ſive Hb, ad RI (quæ ex prop. 7. eſt ratio b ad 4) 


quare i C ad CM erit in ratione compoſita ex i C ad hL, & ex 


b ad 4; fed eadem ratio i C ad CM componitur quoque ex i Cad 


L, &bLad CM; ergo oportet rationem b L, five HL, ad CM 


eſſe datam, ſcilicet eam, quæ h ad a, ideoque ſi fiat, ut b ad a, ita 
ſubtangens circuli HL ad CM ramo CI perpendicularem, junta 
M I erit tangens Rhodonez in puncto I. 
Corull. I. Si fiat ut à ad b, ita CH ad CN ramo perpendicularem, 
juncta NI erit curvæ rhodoneæ normalis; nam quia HL ad CM 
eſt ut h ad a, & CH ad C Nut à ad b, erit HL ad CM ut reciproce 


CN ad CH; & ideo rectangulum M CN æquabitur rectangulo 


LHC, id eſt, quadrato G H, vel quadrato rami CI; ergo junta 


N eſt tangenti MI, ſeu curvæ rhodoneæ in puncto I perper.- 


dicularis. 2 

Coroll. II. Patet, tangentes angulorum CIM, & LGH, vel GC A 
ſemper eſſe in data ratione a ad b. | 

rop. XI. Si ftatutbad a, ita radius A Cad CO & ſemiaxibus 

FC, CQ deſcribatur quadrans ellipſis FVQ, erit ejus perimeter. 
æqualis perimetro ſemitolii rhodoneæ E CI, & partes partibus cor- 
reſpondentibus. tho! | 

Erit enim ubique etiam GP ad VP, vel gp ad 2p in eadem ra- 
tione, quæ eſt AC ad CO id eſt, bad a; quare & reſidua GO, VX 
in eadem ratione erunt. Quod fi infinite proximæ ſint PG, pg, 
GH, gb, & correſpondentes CI, Ci cum arcu infinitè parvo IR, 
quoniam IR ad Hb, vel GO ex prop. 7. eſt ut à ad, in qua etiam 
ratione erit V X ad eandem G O, patet ipſas IR, VX æquales fore; 
eum ergo & lint æquales Ri, VX (ob æqualitatem quarumvis 


CE, GH, vel TV, nec non Ci, gb, ) patet ſubtenſas quoque Ii. 


Vi zquales futuras. Singula igitur elementa, tum curvæ rhodoncæ 
e EIC, 
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EIC, tum elliptice FVQ invicem æquantur; quare & perimeter ſe- 
mifolii rhodoneæ erit quadranti curvæ elliptice æqualis, & duo : 
quælibet folia perimetrum habebunt integræ curve ellipſeos æ- 
ualem. 
a Corill. I. Pater rhodoneam eſſe ellipſim quandam contractam; 
nam ſi confluentibus in centrum C punctis T, ?, ordinate elliptici qua- 
drantis VT, 47, in ramos abeant a centro C diductos, quadrans ellipſis 
in ſemifolium rhodoneæ contrahetur, eadem curvæ longitudine 
manente. | 
Corell. II. Hinc iterum patet rhodoneam eſſe medietatem ſectoris 
circularis circumſcripti; eſt enim ſemifolium EI C medietas quadrantis 
elliptici F V QC, in quem expanderetur, ſi rami ab eorum centro diſ- 
ſoluti fierent paralleli, & rectæ CQ perpendiculares; cumque qua- 
drans ellipſis fit ad quadrantem circularem, ut baſis QC ad baſim CA, 
nempe ut a ad h, in qua etiam ratione eſt ſector EC A ad eundem qua- 
drantem, ex prop. prima patet ejuſmodi ſectorem æquari quadranti 
elliptico, ideoque duplum eſſe inſcripti folii rhodoneæ. 
Ccrell. III. Inſuper colligitur, æquales eſſe foliorum perimetros in 
rhodoneis, quarum ratio fr reciproca & radii ſuorum circulorum in 
: eadem reciproca ratione ſibi reſpondeant; nam ſi radius CF, vel EC, 
fig. 25. æquaretur baſi ellipſis CQ fig. 24. & viciſſim radius CF 
iſtius æquaret baſim C Qellipſis alterius figure, patet eandem ellip- 
ſim F V utrobique reſultare debere, quippe ĩiſdem ſemiaxibus deſeri- 
ptam, eamque fore utrivis folio iſoperimetram, exiſtente ibi ratione 
a ad b, hic reciproce h ad a. Exempli cauſa, fi ratio @ ad 6 fit 
ſubdupla, ut juxta prop. 3. hinc ls: rhodonea tetrafolia, radio 
autem ſubduplo ( adeoque æquali baſi quadrantis ellipſis ĩſoperimetræ) 
viciſſim fiat rhodonea of: rationem duplam, quz ex prop. 5. unifo- 


folia evadet, erit hæc iſoperimetra uni foho illius; nam baſis quadran- 
tis elliptici huic reſpondens baſim habebit illius radio æqualem, ade- 
oque eadem curva elliptica utrivis folio æqualis oſtenditur. 
Coroll. IV. Si vero in eodem circulo duæ rhodoneæ deſcribantur, al- 
tera juxta rationem à ad 5, altera juxta reciprocam þ ad a, perimetros 
ſuorum foliorum habebunt ipſis rationum antecedentibus a &ͤ U 21 
portionales; nam ſi prime rodoneæ tertia quædam rhodogea ſimi- 
lis defcriberetur in circulo, ad cujus radium prioris radius eſſet ut 
a ad b, eſſet perimeter ꝑrimæ ad perimetrum tertiæ ſibi ſimilis in ipſa 
ratione radiorum a ad b. Verùm perimeter hujus tertiæ, ex coroll. 
præced. æquaretur perimetro ſecundæ, utpote reciproca ratione, & 
Jjuxta reciprocos radios deſcriptæ, ergo perimeter prime ad perime- 
trum ſecundz eſt in eadem ratione 4 ad b, 


, Prop. XII. Rhodoneam datæ rationis à ad b minoris inzqualitatis 
ex conica ſuperficie ſecare. | 
Fiat ut @ ad b, ita radius baſis NB ad latus N C coni recti NCK, Fig. 26. 
cujus baſis diametro NK fit perpendicularis radius BF, qui fit ad 
BR ut b ad a, & circa diametros BR, BF deſcribantur ſemicireuli 


2 | BLR, 


—— 
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BLR, BSF, quos ſecet quilibet radius BG in punctis L, 8, ſitque 
GH diametro N K perpendicularis. Si ſuper circulo B LR erecta ſu- 


perficies cylindrica intelligatur ſecare conicam in communi ſectione 


CIE, erit hæc in planum explicata ipſamet rhodonea propoſitæ 
rationis. Nam communes ſectiones cylindricæ illius ſuperficici cum 
planis triangulorum C BG, CBF per axem coni CB tranſeuntium, 
erunt rectæ LI, RE ipſi axi parallelæ, ideoque tam CI, ad BL, 
quim CE ad BR erunt ut latus coni ad radium baſis, ſcilicet ut þ ad 
a ex conſtructione, ſive ut FB ad BR, ſte 8 B ad BL; adeoque CE 
æquatur BF, & CI æquatur BS, five ſinui G H. Explicata autem 
ſuperficie conica in planum ſectorem circularem ipſi æqualem, radio 


CN deſcriptum, ejus angulus planus N CG ſubtendetur eodem arcu 


NG, ſubtendente in baſi coni angulum NBG; adeoque ut BN ad 
NC, ſive ut a ad b, ita erit angulus N CG ad ipſum N BG, cujus 
ſinui GH, ut vidimus, æquatur ramus CI folii CIE, cujus maximus 
ramus CE zquit radium BF circuli baſis ; quare folium ipſum ad 
rhodoneam pertinet in data ratione @ ad b deſcriptam. 

Coroll. I. Chm fit etiam CE ad EO, ut CF ad FB, utbada, 
ut FB ad BR, ſintque C E, FB æquales, itidem æquales erunt B R, 
E O, & ſemicirculus BL R. quarta pars erit ſemicirculi AEP du— 
plum diametrum habentis, ſive erit medietas quadrantis AEO; eſt 


verò (ex noſtra appendice de fornicibus conicis, quam Vivianeis ſub- 


Junximus jam inde ab anno 1698) — 7 77 conica A D E C ad ſuam 
baſim ADE O, ut ſuperficies ſemifolii CIE ad ſuam ichnographiam 
BLR, nempe in eadem ratione lateris coni ad radium baſis ; ergo cum 
ADE O dupla fit B LR, & ſuperficies ADE C ipſius ſemifolii CIE 
dupla erit, ut aliunde ſupra demonſtravimus ſectorem folio circum- 
ſcriptum illius duplum eſſe. 

Coroll. II. Cham oſtenſum fit eſſe angulum ACI ad NBG, uti & ACE 
ad NB F, in data ratione à ad b, patet etiam in eadem ratione eſſe 
angulum reliquum ICE ad reliquum SB F, exiſtente (ut probavimus) 
ramo CI æquali ipſi BS; unde ſi ſemicirculi CS E, in arcus concen- 
tricos centro C deſcriptos reſoluti, arcus quilibet PS, p 5 dividantur 
ad puncta I, i, ut ſit ſemper PI ad PS, pt ad ps in data illa ratione 4 
ad h, erunt puncta I, i, fic inventa ad curvam rhodoneam. 

Coroll. III. Imo etſi ratio a ad h majoris fit inæqualitatis, adhuc rho- 


doneas ope ſemicirculi deſcribere licebit generalius quam in coroll. 2. 


prop. 5. ſi arcus P'S, p 5 producantur ad puncta I, i, ut fint PI ad PS, 
pi ad ps in data ratione a ad b, Facto enim arcu EAR ad quadran- 


tem E A in eadem ratione, ductoque radio R, fiet angulus R CE ad 


ACE, ut angulus I CE ad angulum SCE, adeoque & reliquus i CR 


rione erit a ad ; ideoque puncta I, i ſunt ad rhodoneam datæ ra- 


. Corell. IV. Et ſt arcus illi PS, ps in ſemicirculo deſcripti, tum divi- 


dantur in ratione a ad b, tum augeantur in reciproca ratione þ ad a, curvæ 
interioris 


ad reliquum 5 C A, cujus ſinus 9 Cs, ſive Ci, in eadem ra- 
3 
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terioris longitudo ad longitudinem exterioris erit ut a ad h, per coroll. 
4. prop. 1 Pro hoc & præcedente coroll. vid. fig. 28. 
Gale erm hc, pro inſtituto noſtro, circa hujuſmodi curvas de- 
libaſſe ſuſficiat: quanquam alia etiam rhodonearum ſymptomata enu- 
cleare in promptu eſſet, uti & alias florum ſpecies diversà geneſi ef- 
formatas exhibere facile foret, quorum etiam folia ut poſtremi propo- 
ſitione folia rhodonearum circa conicam ſuperficiem convoluta deſcri- 
bere poſſemus, & quandam foliorum in calice floris latentium imagi- 


nem adumbrare, niſi jam tædio lectorum parcendum eſſet. 
1 Urvæ n de quarum quadratura hic agitur ab 
by C erud. auctore, ad unum quaſi genus reducuntur, ex com- 
*© muni qua gaudent proprietate, quantumvis obſcura ſit nec ſatis per 
ſe determinata. Ad hoc enim genus refertur omnis curva, cujus 
ordinata datum efficit rectangulum cum recta que ex tribus parti- 

cc 


J bus neceſſario diverſis & ordine genitis conſtituitur. ' Diverſz partes 
ü eſſe intelliguntur, que ex diverſis abſciſſæ poteſtatibus quomodo- 
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ſummam poteſtatem æquis gradibus aſcendant. 
«© Species igitur determinantur ac definiuntur ex gradibus poteſta- 
tum determinatis & definitis. 

* Primas & ſimpliciſſimas hujus generis (ad quas etiam cetera om- 
nes ultimo reducuntur) Neutonus ipſe primus ex datis circuli & 
„ hyperbolz areis dimenſus eſt, 


| 
5 
1 Ccoteſius deinde plures eſſe hujus generis ſpecies, etiam in infinitum 


4 ( ſecundum ordinem determinatum) progredientes detexit, quæ ad 


<< eandem quadraturz formam ac priores iſtz & ſimpliciores reduci 


poſſint; idque fecit ope theorematis cujuſdam novi * de inventione 
3 * radicum æquationum - binomialium, ex determinata quadam divi- 
> | < ſtone circumferentiz circuli in partes æquales. | 
) | liſdem veſtigiis inſiſtendo D. Moivræus theorema Coteſianum 


EM ulterius promovit ad inventionem radicum æquationum trinomiali- 


r um, 1dque adhibendo arcum circuli determinatæ magnitudinis vice 
4 circumferentiz totius. Quo invento omnes hujus generis ſpecies 
inter ſe commenſurabiles eſſe ſecundum rationem quadrature ſuæ 
. ſtatim ꝓerſpexit, methodumque tradiditꝰ qua perveniatur ad qua- 
N * 3 unius-cujuſlibet formæ ex datis circuli & hyperbolæ qua- 
„ draturis. 
1 « Ds. Kl. in Je ome ſua que ſequitur, in unum collegit quic- 
d quid de quadraturis curvarum hujus generis antehac a prioribus 
R << inventum fuit. Verum tamen ita collegit non quaſi ſint variz for- 
"= mæ ſub uno genere, ſed quaſi una fit eademque forma generis ipfius. 
* FTheorema duplex eſt, quatenus quadratura referat ad aream vel 


** citra, vel ultra ordinatam. Exhibetur in ipſis æquationis terminis 


2 Vid. Cotes. de harmonia menſurarum. v Vid. Moivr. Miſcell. Analyt. 
Vor. VI. PaRr I. D £ ſine 


\ 


cunque oriuntur; ordine autem genitæ ſunt, ſi modo ab ima ad 
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Fig. 28. 


A general qua- 
drature of hy- 
perbolic curves 
by Mr. Samuel 
Klingenfiiem, 
7. 417. p. 45 
Jan. &c. 1731. 
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& fine reductione aut reſtrictione. Inſtituitur ſecundum Coteſii do- 
t“ &rinam, uſurpando menſuras angulorum & rationum pro arcis 
« circuli & hyperbolæ. Traditur fine demonſtratione, utpote cujus 
veritas facile innoteſcat ex propoſitionibus Moivrzanis. 

% Hæc de hujus doctrinæ fontibus indigitaſſe non abs re fore judi- 
© catum eſt, ne lectoribus inexercitatis auctoris nimia brevitas im- 


„ imento eſſet. | 
£ - | Prop. Quadrare curvam, cujus abſciſſa 4 K & ordinata 
| 42 — * 
c 2 — N ; 
an Fan PETE E"ITh ubi » deſignat numerum quemlibet, & » 


numeros quoſlibet integros & primos inter ſe, & denominator 
y .. + a'—b2" A non poteſt reſolvi in duos factores binomios. 


Fig. 29. In circumferentia circuli centro quovis O 2 a de- 
8 ſcripta applicetur chorda R T , cui parallelus ducatuf radius OP, 

. ita quidem ut arcus PR fit quadrante major ſi habeatur + b, minor 
vero fi habeatur — b. Incipiendo in puncto R, ſumantur ordine tot 


arcus R R, R R, R R, R R, R R, Sc. arcui P R æquales, quot 


C 


unitates continer fractio =, & a gunftis R, R, R, R, R, Ge, du- 


| | Se Fu =» 7's 
cantur totidem rectæ R., R., R,, R. R,, Sc. radio OP 
, \ ; I RE ' BE TS. 

\ lelazy & rectæ OR occurrentes in punctis , , r, r, r, Ge. 
; Deinde ividatur arcus PR in tot partes æquales quot ſunt unitates 
in numero u, quarum illa quæ puncto P adjacet ſit P 4 Facto initio in 
uncto A dividatur integra circumferentia in tot partes æquales AB, 

BC, E D, DE, Sc. quot ſunt unitates in u; ſumtaque in radio O P, 
_ — = 


* Producte fi opus ultra P, abſcifſa O 8 = a d jungantur SA, SB, 


SC, SD, S E, Sc. ut & OA, OB, OC, OD, OE, Sc. Denique 
ſumantur arcus PA a, PBb, PCc, PDa, PE e, Sc. qui ſint ad 
arcs PA, PB, PC, PD, PE, Sc. ut » + r ad unitatem, & a 
punctis a, b, c, d, e, Sc. ducantur tum rectæ ae, bC, cy, d d, ex, Cc. 
parallelæ radio OP & occurrentes rectæ OR in punctis a, c, y, J, e, Sc. 
tum etiam rectæ @ 1, 5 2, 71 3, 44, e 3, Sc. prioribus normales, & rectæ 
QO, . R © ducatur perpendicularis, occurrentes in punctis 1, 2, 
3 4» 5, Oc. | 0 


% 
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Harum arearum prior adjacet abſciſſæ ad ordinatam terminatæ, po- 
ſterior vero abſciſſæ ultra ordinatam productæ. Signa autem quan- 
titatum has expreſſiones ingredientium ita determinantur: 1. Rectæ 


1¹ 111 


R. R. R Sc. afficiuntur ſignis affirmativis, ſi a punctis circum- 


e _ 


. ; 

ferentiæ R, R, R, tendunt ſecundum directionem OP, negativis vero 

ſi ab iiſdem punctis ſecundum directionem contrariam P O procedunt. 

2. Moduli rationum 4 a, he, cy, &c. ſigna habent affirmativa, ſi a 

punctis a, b, c, &c. tendunt ſecundum directionem OP, tiva ſi 

ſecundum contrariam. 3. E centro circuli O cadat irf cho RT 

normalis OH. Et moduli angulorum a1, 52, 3, &c. ſignis gau- 

debunt affirmativis fi a punctis a, b, c, &c. tendunt ſecundum directi- : 

onem H O, negativis fi ſecundum contrariam. 4. Producatur 2 
| D 2 | us 


l 3 


—_— ' Curves interſefting one another in a given Angle, 


dius P O donec circtimferentiz denuo occurrat in p, & anguli SAO, 

\ SBO, SCO, &c. ut & ASO, BSO, CSO, &c. ſumi debent afir- 

- mative fi exiſtunt in ſemicirculo ſuperiore PR p, negative fi in infe- 

riore. Et ſecundum has regulas ſigna quantitatum quibus areæ ex- 
Primuntur noſtræ figuræ accommodavimus. 


To find cer- * M primum ad manus pervenerunt Acta Eruditorum ad hunc 
tain curves menſem Auguſti, ubi invenio a me peti, ut ea aperiam quæ 
which being notis fictis celata in ſupplementorum ad Acta Eruditorum tom. 8. 


ö in- ; s | 4 
275 „ ſect. 1. edita ſunt. Explicentur autem ea tabula ſequenti. 
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In hac tabula ſex ſunt notarum ordines: ſupremus literas continet, 
quibus verba celata ſcribi debent, reliqui literas numeroſque continent, 
gquæ verarum literarum loco uſurpantur. Literas autem b, g, n, q, x, 
quæ e lævà horum ordinum inferiorum collocantur, propter earum uſum 
indices appellare licet. Scripturæ 2 celata ab horum indicum duo- 
bus incipit, quorum poſterior oſtendit notas illum ſequentes in eo 
ordine, cui præfigitur, quæri oportere, ut veræ literæ cognoſcantur, 

quæ ſupra has notas in ordine literarum- primo ſemper habentur : ex hoc / 
autem ordine notæ fictæ deſumendæ ſunt donec alteri alicui indicum oc- 
eurritur, quod cum fit, hoc novo indice utendum eſt ut priori. Et hac 
regula tota ſcriptura explicabitur, niſi quod quandocunque plures in- 
dices ſunt contigui, omnes præter ultimum negligi debent: item ver- 
borum aperte ſcriptorum interpoſitio hunc indicum uſum non turbat. 
Hoc modo ſcriptura occulta, ſi pauci errores ty pographici emendentur, 

verba ſequentia complecti invenietur. 5 

Cutvarum, quæ problemati conveniunt, quæcunque ſumatur ordi- 
e nata, illius fluxio fecunda ab ejuſdem fluxione prima diviſa (ut ſer- 
** mone 


* 
— 


Curves intetſefting one another in a given Angle. 


e mone arithmeticorum utar) eandem dat quotientem, ſed contrario 
*« figno, ac fluxio ſecunda a fluxione prima diviſa ordinatæ ex altera 
* principit abſciſſæ parte jacentis, & ad eandem ab eo principio di- 
e ſtantiam; ſcilicet, fi abſciſſa a ſuo principio in oppoſitas partes 
* Equalibus momentis fluit. Hujuſmodi autem curve inveniri poſſunt 
«*« tribus regulis. 

*© Prima regula. curvam, qualem problema requirit, ope ſpatii hy- 
perbolici a curva quacunque deducit, quæ habeat ad æquales diſtan- 
tias a principio ſuæ abſciſſæ ordinatas æquales, & ab eadem parte ab- 
ſciſſæ poſitas. Eſt enim ordinata curvæ quæſitæ, ut area alius curve 
ordinatam habentis æqualem ſegmento aſymptoti hyperbolz termi- 
nato a ſpatio hyperbolico æquali areæ curvæ primo aſſumptæ. 
le Regula autem ſecunda pendet a prima, & curvam problemati ſatiſ- 

* facientem ſine ope ſpatii hyperbolici ex curvis derivat, quæ habeant 
ad xqualia intervalla a principio ſuæ abſciſſæ ordinatas æquales, ſed 
a contrariis partibus abſciſſæ poſitas. 2 

Et hæc ſecunda regula theorema ſequens præbet; nimirum, ſi ali- 
** qua curva ſumatur, qua problema ſolvi poſſit per regulam primam, 
** & ſi hujus ordinatæ 2 abſciſſæ ad diculum , invenietur 
** curva problemati ſatisfaciens, ſi ad eandem abſciſſam conſtruatur 
alia linea curva, ea lege, ut illius ordinata ex altera parte abſciſſæ 
ubique æqualis fit aggregato aſſumptæ linez curvæ & ejuſdem ordi- 
natæ; exceſſui autem hujus curve pre ordinata ſua æqualis fit una- 
gquæque conſtruendæ ordinata, quæ ex alterà parte abſciſſæ 
jacet; omnes enim furvæ hac ratione conſtructæ problemati conve- 
* niunt. 

Hoc autem theorema demonſtratur propoſitione, ſequenti, quod in 
* omni triangulo rectangulo quadratum ab alterutro latere a recto 

* adjacenti æquale eſt rectangulo ſub ſumma alterius lateris angulo recto 
% adjacentis lateriſque angulo ei ſubtendentis, & ſub differentia eorun- 
dem laterum. f 

* Denique tertia regula derivatur a ſecunda, ope propoſitionis nonæ 
libri de quadratura curvarum Neutoni. 

* Sch. Exemplum generale quod exhibui, curva logarithmica, & 
e cyclois plurimis modis inveſtigari poſſunt his regulis. 

Vnus caſus curvæ logarithmicæ commode invenitur per regulam 
« primam, aſſumptà linea rectà loco curvæ in ill regula me- 
% moratæ. | 

Alter hujus linez cafus deducitur ex regula fecunda ope ſpeciei 
*© quinquageſimz nonz linearum tertii ordinis, quæ omnium curvarum 
* in1llaregula utilium eſt fere ſimpliciſſima præter parabolam cubicam 
„ & hyperbolam conicam. 

Cyclois optime invenitur theoremate quod a regula ſecunda de- 
* duct diximus. = | 

** Exemplum iſtud generale facile invenitur regula tertia, aliis vero 
regulis non {ine ambagibus. 

** Regulis 
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5 Regulis ſecunda & tertia commodiſſime invenĩuntur curve geo- 
} << metrice rationales; quz deducuntur etiam a theoremate in regulam 
« ſecundam pendente; quandocunque enim curva aſſumpta tam longi- 
$6 = ordinatam rationalem habet, cujuſmodi ſimpliciſſima 
eſt parabbla ſemicubica, curve quoque inveniendæ ordinata rationa- 
lis erit. | 
Denique his regulis, vel etiam conditione in principio poſita facile 
© eſt invenire, an curva aliqua propoſita problemati ſatisfaciet, & | 
quibus poſitionibus id fiet : unde intelligi poteſt, an eadem curva di- 
„ verſis modis problemati conveniat. | 
Horum brevem explicationem jam apponam, deſcribendo ex amici 
Fer Il charta problematis ſequentis ſolutionem. | 
Fig. 30. Prob. Datis duabus lineis rectis AB, CD parallelis, ad abſciſſam 
AB ᷑urva EF deſcribenda eſt, que talis fit, ut in ſitu inverſo ad 
abſciſſam CD deſcripta ſeipſam ſemper interſecet in angulo quolibet 
dato. 

| | Ad abſciſſam CD deſcribantur curve GH, K L ſimiles & æquales 
curvæ EF, quarum altera huic curvæ E F occurrat in puncto quo- 
libet I, altera vero per punctum M tranſeat, ut partes EM, K M 
curvarum EE, K L. ſimiles ſint & æquales; & per punctum M, quod 
| partes curve E F dirimit, quæ ſe mutuo interſecare debent, ducantur 
5 lines NM O, nMo, quæ cum rectis AB, CD angulos ſub NOB & 
| f ſub CN O, item angulos ſub no A, & ſub on D conſtituant ei æqua- 
3 les, in quo curva ſeipfam ſecare ponitur. Ducatur IP TS lineis A B, 
| CD parallela; item huic proxima & parallela j & pts; deinde duca- 
tur Iv line NO parallela, & denique Iw, Sy parallel lineæ no, 
ut angulus ſub I w j æqualis fit angulo ſub Iv x. Jam anguli ſub I x w 
& ſub Ijv ſimul ſumpti æquales erunt angulo ſub x I M, ideoque & 
angulo ſub. IWV æquales; unde angulus ſub x IW æqualis erit ei 
| ; ſub Ijv; & eodem modo angulus ſub j Iv ei ſub Ixw æqua- 
| | lis invenietur; adeo ut triangula Ij v, xIw- ſunt ſimilia, & 
Iv: Iy::Iw: Wx. Porro pro abſciſſis æqualibus MP, MT ſcri- 
batur 'z, pro ordinata PI, y, & —v pro ordinata TS, pertinente ad 
curve KL arcum KM, qui arcui EM curve EF reſpondet. 
Creſcentibus autem abſciſſis MP, MT, & ſimul increſcentibus or- 
dinatis PI, TS, earum fluxiones primæ eadem habebunt ſigna cum 
ſuis ordinatis, ſed utræque fluxiones ſecundæ idem habebunt ſignum; 
nam fluxio ſecunda unius ordinatæ idem habebit ſignum cum ſua or- 
dinata, fed alterius ordinatæ fluxio ſecunda ſignum habebit a ſigno 
ſuz ordinatz diverſum ; propterea quod curvarum KM, MF alterius | 

concavitas verſus convexitatem alterius convertitur, ut manifeſtum 
eſt. His autem cognitis invenietur jv:Iv (Pp): : 5: X, Iw | 
(=Tt): wx (=sy)::<:—v,&j:2::2:—v, item — ) , 
& denique poſita 2 invariabili — 3j = =o, vel}zv +5 o, 


— ideoque >=—7, quando j & 5 ad curvam EF, fed v & 6 ad curvam 
| KM 


\ g 5 2 
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K M pertinent. Idem vero locum quoque habet, quando omnes he 
fluxiones ad curvam EF referuntur, fi abſciſſa in oppoſitas partes a 
ſuo principio fluere ſtatuitur ; nam ſumptà MQ = MP, & Mq ; 
= Mp, ductiſque QR, qr ad AB, CD parallelis, E R, r in 
curva EF punctis S, s in curva K M reſpondent. Ponendo igitur 
abſciſſam in contrarias partes a ſuo principio æqualibus momentis 
fluere, curvarum, quæ problemati conveniunt, quæcunque ſumatur 
ordinata, illius fluxio ſecunda a- fluxione prima diviſa eandem dat 
quotientem, &c. ut ſupra, Hæc autem curvarum quegſitarum con- 
ditio eſt, unde deducuntur regulæ ſequentes ad problematis ſolu- 


Rog. I. Cum requiritur ut MQ exiſtente M fit 5 = —2* 


quando abſciſſa in oppoſitas partes a puncto M æquabiliter fluit, ita 
ut ejus fluxioni in partibus abſciſſæ quæ a contrariis lateribus puncti 


M jacent ſigna diverſa tribuenda ſint, ponere licet 7 proportibnalein 2 


ductæ in quantitatem quamcunque que eadgm maneat & ſub eodem 

ſigno, pro eadem magnitudine z, five illa affirmativa five negativa fit. 
Deſcribatur igitur ad abſciſſam NO curva quælibet K L, cujus ordi- Pig. 31. 
natæ angulum quemcunque datum cum abſciſsà conſtituant, & quæ 

habeat eas ordinatas æquales, & ab eodem latere abſciſſæ NO po- 

ſitas, quæ æqualiter diſtant a puncto M, ut ordinatæ PW, QX; 
deinde fiat 7 ordinatæ P W x a proportionalis, & 7; ordinatæ QX x2. 

Jam exponatur hyperbola Y Z ad aſymptotos Ta, re, angulum ſub Fig. 32. 
Ora angulo dato ſub NP W in fig. 31. æqualem comprehendentes, de- 

ſcripta, & inalterutri aſymptoto, ut TA, ſumatur ad libitum punctum A, ; 
& ducatur A alteri aſymptoto IT © parallela, & parallelogrammum rx 
compleatur : deinde in curva KL ad abſciſſam NO, & ad punctum 

M ordinatim applicetur MII; ſumatur ſpatium hyperbolicum AE Tx, 

re&ti. ET aſymptoto T © parallela abſciſſum, æquale ſpatio W P Mm, 

& fiat PVE, eaque ratione deſcribatur curva Yen; dico PI 

curvæ quzſitz ordinatam eſſe ut ſpatium P Hoc autem mani- 

feſtum eſt; fluxio enim ſpatii MWP æqualis eſt fluxioni ſpatii 

AZTE, ideoque PW «Zz = fluxioni lineæ TE ductz in ET vel in 


TAE, erit igitur PW x2 ut fluxio lineæ 12 five liner Pe per 
ipſam Pe diviſa; ſed P Wxzeſt ut T3 unde erit P# x2 ut j, & neceſ- 


ſario y five PI ut ſpatium MP. Prima igitur regula curvam 
qualem problema requirit ope ſpatii hyperbolici, &c. ut ſupra. 

In exemplum hujus regia loco curve K L in Fig. 31. ſumatur 
linea recta lineæ NO parallela, & erit linea <oY+Q ea quz loga- 
rithmica dicitur, cui NO aſymptotos eſt; ideoque & linea E F etiam 
logarithmica, per punctum M tranſiens, & aſymptoton habens linez | 

2 | . NO / 


* 


Fig. 34. 


Curves interſecting one another in a given Angle. 


NO parallelam ; propterea quod area My 4 hic erit ut PS MN“. 
Si vero ordinatæ en, Bay ducantur æqvualiter diſtantes a puncto M, 
ordinatæque MY proximæ, erunt , « 8 æquales quando primum naſ- , 
cuntur, quoniam ſpatia C YM, MV Y a tunc æqualia ſunt; ex oſtenſis 


autem eſt «1Xa8 = Meq vel Maq, unde «x = Me; & 2 ad 


uy &L ut radius ad ſinum anguli ſub NM%. Quoniam igitur P! 
EY ſt ur erit PI ubiqui 498 ut radius ad 
ſemper eſt ut ſpatium 4 MPs, erit PI ubique ad —— l 


ſinum anguli ſub NM & ; & denique limes $rdinatarum negativarum ad 

ſpatium totum comprehenſum a parte Y lineæ logarithmicæ a ab 
ordinata MY, & ab aſymptoto MO ad ordinatam MY applica- 
tum ut radius ad ſinum anguli ſub N MY: eſt autem rectangulum 
ſub M & ſub linea logarithmice Vn ſubtangente ad ſpatium 
prædictum etiam ut radius ad ſinum anguli ſub N MV: adeo ut limes 
ordinatarum negativarum lineæ curvæ EF æqualis erit huic ſubtan- 
genti; unde fi 4M retro producatur ad J, ut Mi huic ſubtan- 
genti ſit æqualis, & ducatur $a lineæ NO parallela, erit illa cur- 
ve EF aſymptotos; crit autem curve hujus E F ſubtangens lineæ 
My æquaſis; propterea quod M«s =eſt . Unus igitur caſus 
curve logarithmicæ commode invenitur per regulam primam, &c. 
ut ſupra. ; 


Hæc autem regula primum oſtendit modum quo problema ſol- 
vitur. 

Reg. II. Deſcribatur curva quæcunque « MA per punctum M tran- 
ſiens in fig. 3 1. vel an c, mp in fig. 33. ubi curva invenienda duo- 
bus cruribus e MF, E Mf conſtat; ut curvarum à Ma, & «nc, 
m p ordinatæ ut Py, Q, quæ æqualiter a puncto M principio 


abſciſſæ diſtant, ſint æquales, ſed a contrariis partibus abſciſſæ 


polite, ita ut mutato abſciſſæ ſigno ordinatæ gram etiam mu- 
tetur. 5 

Exponatur porro hyperbola æquilatera a b, cujus axis tranſverſus 
a g, conjugatus h q, centrum d, àſymptoti dr, ds; ſumatur dt 
Py, & ducatur'tv w ad hq perpendicularis, junctà dw, ſumatur 
quoque dx Mn, & ducatur xy item rectæ linezx hq perpen- 
dicularis, junctà d y. Jam fit curva KL (in fig 31.) vel KK LI 
(in fig. 33.) talis ut ſpatium MP W quale fit ſpatio a d w, fi 
curva x per punctum M tranſit, aliter æquale ſpatio da w - day; 
hac enim ratione curvæ KL, & Kk LI non deſinent conditionem 
habere quæ in regula priori requiritur, nempe ut ordinate ad 


æquales diſtantias a puncto M ſint æquales, & ab eadem abſciſſæ 


parte poſitæ. Nam area hyperbolica a d w affirmativa eſt, quando 
dt vel Py eſt affirmativa, & eadem area negativa eſt, quando dt 
vel P » negativa eſt, quia area tota hyperbolica ab eadem parte linez - | 
hq jacet ;*ideoque area curvarum KL, KK LI ad ordinatam Mn 


. Vid. Barrov. lection. geometr. p. 123. 


terminata 


JET as = as on 9. 


| que = Ms = Me. Ideoque ad — 


4 ves interſefting one another in a given Angle. 


termipata ſignum ſuum mutabir, quando abſciſſa MP, magnitudine 


ſervata, ſignum mutat; & curvæ ordinata nec magnitudinem nec ſig- 


num mutabit, mutatione ſigni abſciſſæ. Sit porro a d g = parallelo. 
grammo r in hyperbola priori: quo efficietur ut tw tv fly ad 
ad utTSad rA; ſi igitur 1 A fiat a d, erittw + tv TS =. 


Porro ducantur ordinatæ , 485 ordinatæ M proximæ; deinde 


in fig. 31. ubi curva «£9 ſimplex eſt, cum «» ſit. ad «8 ut ſpati- 

um Myrt. ad ſpatum MY ye, erit . «8; unde & carum utra- 

. 

Mur 
2 MVS; 

ſub NM, & ubique PI ad N in eadem ratione. In figura 33. 


ut radius ad ſinum anguli 


ubi curva „Iva ex duobus cruribus compoſita eſt, «» eſt ad «8 


ut ſpatium v Meg ad ſpatium 4 Mey five ut M ad My, prop- 
terea quod Mes = eſt Ma. Cum igitur neceſſe fit, ut a x « 8 = fit 
Meg, ſcilicet ut crura MF, ME in angulo propoſito ſe mutuo inter- 
ſeceit, erit ratio « ad M ſubduplicata rationis e ad e 8 vel ſubdu- 
plicata rationis'M wv ad M: ideoque e ad ſpatium M Y Cs — — 
tum ad mediam proportionalem inter M y, M 4 ut radius ad ſinum 
anguli ſub N MV]; & generatim PI ad ſpatium MY e applicatum 
ad mediam proportionalem inter MV & M in eadem ratione, Eft 
autem M x =yx+dx, & M4 =yx - dx, & ad media TY 294 


portionalis inter y x d x & y x dx. Unde utrobique dictis a 
d t vel P., R; eritÞP@#=/a0 +RR+R; RAA — * 
& PI ad 222 ut radius ad finum anguli ſub NM x. Regula 


1 


«a | 
igitur ſecunda pendet a prima, & curvam problemati ſatisfacientem ſine 
ope ſpatii hyperbolici, &c. ut ſupra. Nam hic ſine ſpatio hyperbolico 


curva invenitur, cujus quadratura problema ſolvitur. 


1 


Duæ autem ſunt in hac regula formulæ. Formula prior nimirum 
P N RR ＋ R, curvarum geometrice rationalium, qua 
max ime hic requiruntur, inventiogi accommodatur; facile enim eſt ita 
ſumere quantitatem indeterminatam R, ut curva vn quadraturam 


admittat. 


Ne caſus magie compoſiti memorentur, ponatur R vel . ez", 
ut m & u numeri fint impares vel inter ſe primi, vel eorum alter unitas: 
hac enim ratione curva, cujus ordinata eft P y, conditionem habebit in 

* Vid. philoſ. tranfakt. no. 338. prop. 4. p- 15: na... Da! 
Vor. VI. PAT IJ. „ 5 hac 


Wc. 


* 


Pig. 35. 


6 
yy! 


| Curves interſefting one another in a given Angle. 


| fo. 
hac 2 Sehen & * p * U TRRTR NV Nc 
is 4 COHN 2. $i igitur — N 1 fit vel numero 


. =qualis, vel ejuſdem multiplex, id eſt, ſt ſumatur m = —= x, 


* 


. ener * pars ordinate z * FIT EN 8 


+ Cc 2” " fub vinculo incluſa, eon & an tota quadraturam ad- 


mittet. 


| — 
Verbi causa, ponatur ® = —, c I, & 22 /1+aaz? 


( 


881 ; 
. 
a a2 


2 — . Unde erit area MY AP +jzi, & PI 


3 
1 
= * +2 | MLA curvaque quæſita hac æquatione comprehen- 


arr oxPle—act 21nd 4 =, AE} as In hac 


* 


=quatione cum 25 ſignum non mutabit, mutatione ſigni abſciſſe 23 
Pro eaãdem ipſius magnitudine oo negativa quam affirmativa P I ean- 
dem habehir n ſub eodem ſigno 3 unicuique autem 
magnitudini abſciſſæ z re ſpondet & affirmativa & negativa ordinata : 

adeo ut eurva quæſita hab it formam hic appoſitam ; e tribus conſtans 
eruribus a h e, de, d f punctis b, nnn 


quippe eſt Md=Mb =: quando enim eſt z =o, erit PIT 
4 K PI = = 2 


Hc autem regula hujus formula prior ſecundum exhiber curvas 
quæſitas invenſendi modum. 


Fo owt A 
In formula poſteriori, cum R fit = a * 8 R vel Py 
— magnitudinis manebit, ſed ſignum mutabit, quando abſc iſſa 
| ſuam ſigno mutato retinet, ſi P c talis ſumatur, ut mu- 
54 


4 
> abſciſſæ ſignum I convertatur Fr 77 » & contra ut 75 con- 


5 -Þ Vid. in back. de quadr. curv. Newton. tab. curv. ſimplicior. quæ quadrari poſſunt. 


vertatur 


Curves intenſecting one another in a given Angle. 


vertatur in Et ha formula poſterlor t tertlum continet problema 
ſolvendi — . 


Verbi causa, ſit PS = @ x —— quando z eſt affirmativa, & erit 


c+ * 
7 — 2 quando - a 
WS _ &R rel Qy = apt 


— 


9 — 2 
R vel Py eodem tempore = 7 XI — 


2 * eſt, fiet PS = ax © 


: 7 4 W R æqualis erit See & RZ 2 T 244 2 = 
c ＋ 2 

ce R; ideoque curva » M linea terti i ordinis, imo ſpecies earum 
quinquageſima nona; Propterea quod æquationĩs cc RR + aacc=0 
radices Ka impoſſibiles * linea autem curva hinc invenienda, fi fiat 


27 


NM vel MO =&c, RY eſt, cui recta g eſt pe Fig. 36. 


Cum enim P # fit = a x = 2 =, erit eadem = = 1 1 3 


Si igitur in rectà linea a at rigs th x =OM =c, & ei ad Fig. 7. 
M 


perpendiculum erigantur e f, * quarum x fit = a, & ſi aſympto- 
tis a s, « þ per punctum ꝝ deſcribatur hyperbola & , & ſumpta a2 


M P = 2, ducatur y p aſymptoto ef parallela ; parti g ®dinate | 


P + reſpondet area, RO x ut ſinus anguli ſub NPI 


ad radium, & alteri parti 7 DJ 1 ejuſdem ordinatæ reſpondet area, 
( Unde PI, = 


ad & ut radius ad finum anguli fub N MY, erit E, 
Si igitur ſumatur O OM, & ducatur M ordinatz * 
produttz ocrurrens in . ut it P = PM = x7, erit x1 , 


ideoque linea MI logarithmica, cui A B aſymptotos eſt, & 5 M ordi- 
natim applicata, efficiens cum aſymptoto A B angulum ſub Ar M ver- 
ſus contingentem æqualem dimidio anguli ſub AON. Alter igitur 
hujus lineæ caſus deducitur, &c. ut ſupra. 

Magis generatim, ſi r ordinatam curvæ alicujus denotat, quæ inſtar 
curvarum x Mu, & x nc, mp ꝝ ad abſciſſam N O deſcripta ordinatas 
habeat æquales, quæ zqualiter diſtant a puncto M, ſed a contrariis 
partibus abſciſſæ poſitas, poni poteſt ordinata PS a * 2% 


© Vid. Newton. enumerat. linear. tert. ordin. ad fig. 63. 


4 Vid. Newton. de quadr. curv. tab. curv. ben que cum ee & hyp, compa; 
poſſunt, l „ag 
— 2 9 34 5 


* 


* 
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Curves interſecting one another in a given Angle. 


= — TI” 
Dcr +drr er +'&c: gr NN DD 


b +cr +drr er + &c xfEzr +&Þ Fr EN 


Ex priori hujus regulæ ſecundæ formula deducitur quoque theorema, 
cujus ſupra fit mentio, ad inveniendas curvas tam rationales quam irra- 
tionales utile, quod quartus erit modus problema ſolvendi. 


Theor. Quoniam eſt P = FRR+R, & RSP, mani- 
feſtum eſt, fi R al ſit ut fluxio ordinatæ, quæ abſciſſæ ſuz ad per- 
- 3 . . Jaa+RR 
pendiculum infiſtat, alicujus curve, erjt b | 


ut ejuſdem cur- 


væ fluxio; curvæ autem hujus ordinata æqualis erit areæ curvz , 


x w ad a applicatæ, ſi angulus ſub M P y rectus ſit, & cum area cur- 


'yarum (in hg. 31, 33.) x Mu, & xnc,'mpy eodem ſigno afficia- 


tur, tam quando abſciſſa eſt affirmativa, quam quando eſt eadem 
negativa, quoniam areæ ad diverſas abſciſſæ partes in illis diverſis 
caſibus jacent; & præterea cum eiſdem abſciſſæ magnitudinibus 
areæ æquales reſpondeant, curvæ, quales problema requirit, inveniri 
poſſunt curvarum ope, quarum ordinatæ ad eaſdem abſciſſæ magni · 
tudines æquales ſint, & ab eàdem abſciſſæ parte poſitæ, ſi modo ordi- 


natæ inſiſtunt abſciſſæ ad perpendiculum. 


Deſcripta ſit <uſmodi curva no, que tangat abſciſſam in puncto 


M fi evaneſcat, quando abſciſſa eſt = o, fluens quantitas fluxioni lon- 


gitudinis curve no reſpondens ; aliter, quz habeat ordinatam 
primam Mm æqualem magnitudini fluentis iſtius quantitatis , 
quando abſciſſa eſt = o. Erigantur ordinate P p, Qq; deinde 
erit PI curvæ quæſitæ ordinata, quæ ab alteri parte puncti M jacet, 
vel Mp Pp, vel=Mmp+Pp; ordinata autem QR, que 
a Hi parte puncti M cadit, NR Mag” Qq, vel Mm 
Obſervandum autem eſt hoc theorema aliquando partem duntaxat 
Z pP | 
Ex 'ratione autem, qua hoc theorema inveſtigatur, manifeſtum eſt 
duo crura' curvæ hic deſcriptæ ejuſdem lineæ eſſe partes: nimirum 
utriuſque naturam eadem æquatione definiri. Hanc autem curvam 
in ſitu inverſo diſpoſitam ſe interſecare in angulo æquali angulo ſub 
N OB inde manifeſtum eſt, quod rectangulum ſub fluxione PI & ſub 
fluxione QR, ordinatarum ſcilicet æqualiter a puncto M diſtantium, 
æquale eſt quadrato fluxionis abſcifſe, fi enim curve no ordinatæ 
wr, xt applicentur ordinatis Qꝗ, Pp proximæ, & Px Qw ſint 
æquales, & ducantur rs tv abſciſſæ NO parällelæ, erunt triangula 
ptv, q rs rectangula ſimilia & æqualia: in omni autem triangulo 


ulo quadratum ab alterutro latere angulo recto adjacenti æquale 


et rectangulo ſub ſummãà alterius lateris angulo recto adjacentis late- 


3 | riſque 


FO 


Curves intenſecting one another in a given Angle. 


riſque angulo ei ſubtendentis, & ſub differentia eorundem laterum. 


Igitur tv = Px*=prt+pvyXxprt—pv=pt+pvxqr—qs: 

eſt autem ultima ratio Px ad pt pv ea, quam fluxio abſciſſæ ha 

ad fluxionem ordinatæ PI; & ratio Px vel Qw ad qr — ꝗs ea, 
am flux abſciſſæ habet ad ordinatæ QR fluxionem. Unde con- 
at propoſitum. Regula igitur ſecunda theorema, &c. ut ſupra. 

Jam fi no ſit girculi circumferentia, linea E F cyclois erit, quan- 
do angulus ſub NOB vel ſub NPI rectus eſt. Porro fi curvæ no 
longitudo cum rectà conferri poteſt, quarum curvarum ſimpliciſſima 
eſt parabola ſemicubica, curva inventa rationalis erit. Spegiatim pa- 
rabola ſemicubica, fi rite diſponatur, ejus curve partem dimidiam ex- 
hibebit, quam in exemplum formulæ prioris regulæ ſecundz delinea- 
vimus; ſcilicet (in fig. 35;) crus de, partemque inferiorem bc cruris 
abc. Reliquz autem illius partes deſcribi poſſunt, (i retro ”=m 
catur ordinata IP donec pars producta æqualis fit Mm p - Pp. & 
producatur R Q ab altero abſciſſæ latere, donec pars producta æqualis 
fit Mmq+@Qq. 

Nunc tranſeundum eſt ad regulam tertiam, quæ etiam curvas geo- 
metrice rationales largitur. | 


= 


Rex fl, Reguli hee teria duos quoque completcur problems 


ſolvendi modos a prioris regulæ formulis propoſitione nona tractatus de 
quadratura curvarum Newtoni derivatos. 


Propoſitione iſtà ad formulam regulæ præcedentis priorem adhibita 
invenitur area curve, cujus abſciſſa eſt z, & ordinata / aa ＋ RRR, 


æqualis areæ curvæ, cujus abſciſſa eſt R & ordinata Nein 
+=R. Hinc autem quinto modo ſolvitur problema. KY 

Verbi causà, ut exemplum generale, quad antea * exhibui, inveſti- 
getur, poſitis MPA, & Pr R, ut prius, fiat = R= 


m2 a 
numeri impares vel inter ſe primi vel eorum alter unitas; ut ſigna ab- 
ſciſſæ z & ordinatæ R ſimul mutentur, ficut in regula priori re- 


Z 2 — 
quiritur; jam erit ordinata RY aa +RR+ k R = R N R* 


aa A FR +R7xXTTR:; area igitur curve, cujus abſcifla eſt 
2 & 8 /aa+RR+R, æqualis erit areæ curvæ, cujus ab- 
ſeila eſt R & ordinata Rr FAK vis R © 
| « In aft. erud. men, April, 250 15 : 


R © 
x77 TK, & erit R S + lk“, fint autem m & n 
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* 


cujus abſciſſa R & ordinata R xc + d R+ NR c TIR. x 


Curves interſefting one another in a given Angle. 
fk modo hc poſterior ordfhata cum abſciſſa ſuk angulum contineat 


æqualem angulo ſub NM; unde hujus poſterioris curve quadra- 
turà linea exhibetur problemati ſatisfaciens. + Erit autem hæc linea 


curva geometrice irrationalis, niſi m & n certos quoſdam numeros 


2 


deſignant, vel certa quædam ſit relatio inter coefficientes c, d; hæ 
autem conditiones ratione ſequenti inveniuntur. Erit area curvæ. 


— 


- u n — * 


ian . LR ERR. 
Vaa＋ RR, ad R ome und Noe d R + x44 * 
PEEL 


wg RARE 
—R* + &c. ut ſinus anguli ſub NM ad 


radium. H autem ſeries terminabitur, & quadraturam finitam 
dabit, fi u fit unitas & m numerus negativus ternario major, vel 
fi ultimus terminorum hic ſcriptorum fit nihilo æqualis, id eſt, ſi 


fit d=2X37.. vel fi ſit do, »=1, & m=— 3. Et kic qui- 
a 


n a 
dem ultimus caſus curvam exhibet, que theaemate precedenti a pa- 


rabola ſemicubicà invenitur. 
2 1 — 


Magis generatim ponere licet R R NCT dR Te RO &c. 


N, ubi p numerum quemcunque parem denotat; unde fiat 


== 2 ” n 2 W u | 7 
Z oF ö . 7 * 
&\ curve „n ordinata = RT Tc TT N /R 


x /aa+RR-+R. Hic * fl u fit unitas & m numerus negativus 


numero p41 major, curva dabitur geometrice rationalis, vel fi certa 


uzdam relatio {it inter coefficientes c, d, e, &Cc. ... . . f, que relatio 
acile invenitur ut antea, 


Porro ad akeram regulæ ſecundæ formulam adhibendo ypropoſi- 


f tionem nonam memoratam libri de quadratura curvarum, ſextus oritur 


problema ſolvendi modus. | 


Litera 7 denotante ut ſupra, fieri poteſt ordinata Ps = 


— 


„beer & 2 i wy 
4 * EE area curvæ, cujus abſciſſa eſt z & ordinata 


P-+-equalis crit areæ curve, cujus abſciſſa eſt » & ordinata 
. m—n 


3 b+cr+drr+&.- 3 2 
- b Derr. Onatur 2 7 r 
Per prop. quint. quadr. curv. Newton. t Per prop. proxim. citat. 


% 


Pd 


* 
5 Curves interſecting one another in a given Angle, | 
| ATE TENT Nr „ 


x bb ＋ 264 — c rA r*+&c|", & va, cujus or- 
dinata eſt 1 conditionem hic neceſſiriam habebit. Erit enim 2 


—=r3 Kr“ ccf TAN et ATB + CA E& 


cujus ſeriei c fficientes A, B, C, &c. dantur per propoſitionem quin- 


tam tractatus de quadraturi_ Curvarum. Manifeſtum autem eſt 
nec terminos hujus ſeriei nec quantitatem þ þ 25 7 —CC 
xrr ddr c ſigna ſua mutare mutatione ſigni quantitatis 73 


quantitas autem 77 ſi u, u numeri ſint impares, ſignum mutabit, quando 


ipſa r ſignum mutat; ideoque 9 r a bg pe _ ſimul mu- 
: C, 
tabunt. Ordinata autem a * = Te 


eee rf N Fa 


Et hinc facile inveniri poſſunt curvæ rationales. 


Pro exemplo ſimplici ponatur p = n n, d & =0; unde 
erit : =bb—ccrr, & -e. Ordinata autem curve 


metiendz = abb +2aber+accrr; ejuſdem igitur area eſt ad 
abbr +abcrr+7accr* ut ſinus anguli fb NM ad radium ; 
ideoque erit PI =bbr +bcrr+3ccr, Hinc autem invenitur 
parabolam ſemicubicam problemati ſatisfacere, quam ita deſcribere 
oportet. Pati linea rectà A B, & in ea puncto C, una cum line rectà 
CD angulum ſub BCD cum CB conſtituente lem angulo, in 
quo curva ſe interſecare requiritur. Ducatur ad libitum BGI ad CD 
parallela, ſumaturque in ea GH =2 CG; deinde dividatur angulus 
fub AC in duas partes zquales linea recta CE, & denique ad 
diametrum H & verticem H deſcribatur parabola ſemicubica K H L., 
** tranſeat per punctum C, ita ut CE ordinatim a 

iametrum HE Hæc parabola ad eandem lineam 


: | imiliter ap- 
741 ſed ſitu inverſo, ſe interſecabit in angulo æquali angulo ſub 


Si placet curvas hac regula inventas theoremate præcedente con- 
ſtruere, ex 11s, quæ hic tradita ſunt, curva huie negotio apta inveniri 
poteſt; erit enim curve illius ordinata æqualis arex curve x ad 4 
applicatz, quando angulus ſub M Py rectus eſt. Verbi causa, bujus 
atcæ fluxio, nimirum PN in exemplo ſecundo prioris partis hujus 


regulæ erit = RR R n; R＋ e TD E RRE 
xc+dR*+leR#....+fRA; ideoque curvz hit requiſitæ or- 
| __ © dinata 


5 


— Serit ar 


plicetur ad - 


Fig. 40. 


— 
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a | mt" u n 4 n — ec R* 
dinata erit = ＋ R 1 rr Ion 


n,. : 
m4+p+1Xx3 yu — 
In exemplo poſterioris partis hujus regulæ erit R ( =4 a x 4 


2becer+2cdr* + &c 2 g = 
r= — — ue R XZ * „ | 
bb +2 bq—ccxrr 4 ddr + & _—_ my FE | 


x2bc+2cdr* +&cxbb+2bd—cc x rr+ddr% + &lf<"5 

hæc igitur eſt fluxio ordinate curve quæſitæ. 
Si fit == = p, d &c =o, erit Rx x 2 bers, & ordi- 
nata curve quæſitæ = bern; quoniam igitur 2 = erit b by — 
Lccr*, erit curva quæſita in hoc caſu parabola divergens cum 
nodo, que definitur hac æquatione 3ezz = y' — 2eyy free). 
Et hac curvã deſcribetur parabola ſemicubica ſupra inventa. | 

Pig 41. F ad rectam lineam A Bys 

; & ad illam ut axim deſcribatur ejuſmod1Wgrabola divergens FECEG. 
Deinde ducatur ad libitum HI angulffn quemcunque datum cum 
rei AB conſtituens, & ducatur HKM ad CD parallela; de- 
inde ſumatur HN = HK I arc. , HO=HL + arc. CKL, 
& ab altera parte puncti H, HP, =CEM — HM; & curva hac 
| ratione deſcripta parabola ſemicubica erit. < | | 
| Hinc apparet quomodo curve, quarum inveſtigationi regula hæc 
oF tertia aptatur , theoremate præcedenti conſtrui poſſunt, poſtquam 
| earum formæ cognoſcuntur, ſed hz curvarum forme, a quibus ra- 
tionales deriventur, regula hac tertia optime inveniuntur. | 
Hz ſunt tres regulz, quarum ſupra fit mentio. Ultima ſententia, 
quz ſub notis fictis celata fuit, exemplo ſequenti illuſtrari poteſt. Sit 


/ LET.” ＋ a b 
jvedl=a+bx+Yct+2dx ex? ve] = <<, quæ 
duæ æquationes omnes complectuntur ſectiones conicas. Inde vero 


„„ 


ucatur perpendicularis CD, 


» . | y ec—d E. 
inveniemus ve x . ð — 
N FE 7 dqex+byc+2dxtexxKc +2dx+exx 
| 335 A  2cdd+2ace—2bde _/ 


TI ex xb4=—ac + 2edx<cenx * 4u2 Equationes often: 


dunt in nulla ſectione conica, quomodocunque diſponatur, quanti- 

tem- conditionem habere, quam hoc problema requirit; ideoque | 
nullam ſectionem conicam problemati ſatisfacere. comprobari 

etiam poteſt examinando rectangulum ſub .fluxi i 


us primis or- 
VI. enumerat. linear. tert. ord. fig. 73. 


dinatarum 


— 


8 


Curves intenſecting one another in a given Angle. 


dinatarum æqualiter ad diverſas partes a principio abſciſſæ di- 
ſtantium. | 
Hinc autem cognoſcitur nullam lineam curvam geometrice ra- 
tionalem problema ſolvere, quæ parabola ſemicubicà fit fim- 
plicior. | 
K Si vero talis inter quantitates a, B, c, d, e relatio ſtatui potuiſſet 
ut conditionem in hoc problemate neceſſariam obtineret, nempe ut 
" VF quantitas, quz in Z ducitur, eadem eſſe potuiſſet, & ſub eodem 
' ÞF figno, procadem magnitudine tam negativa quam affirmativa abſciſſz 


V * ; 
2, quo eveniret ut > foret = — 75 ſi abſciſſa in oppoſitas partes a 


ſuo principio, æqualibuſque momentis fluere ponitur : tum profecto 
ſectio conica hinc determinanda vel problema ſolveret, vel ſectionis 
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pProblemati ſatisfacientis ordinata ad ordinatam hujus rationem haberet 


ddatam. 
1 Jam vero his regulis alias aliquot, quas ab amico accepi, ad pro- 
blem ſolvendum adjungam. 2.1 
Reg. IV. Iiſdem poſitis ac in regula prima, fit NO ad AB, CD 
perpendicularis; fint PI, QR ordinate æqualiter a puncto M di- 


Fig. 43. 


80 ſtantes, & ſit curva GH a punctum I ducta ſimilis & æqualis 
1 curve f EF. Ordinatis PI, QR parallelæ & proxiniz ducantur 
3 Tl, Sr, & lineæ rectæ Ik, Rs = NO parallels, Angulus 
1 ſub sRr eſt angulo ſub k II, unde anguli ſub j Ik, sR r ſimul 
ſſumpti æquales ſunt angulo dato ſub j II; & quantum angulus ſub 
c | Ik dimidium anguli ſub j II ſuperat, tantum angulus ſub s Rr ab 
m | eodem dimidio deficit. Si igitur radio quolibet mn circuli arcus no 
\- || Þ deſcribatur, & ſumatur angulus ſub nm P = dimidio anguli dati 
ſub j Il, angulus ſub nmq = angulo ſub j Ik, & angulus ſub 
a: Tmmt = ei ſub s Rr, ſectores q mp, pmt erunt æquales. Poſiti 
it autem Ik RS = 1, erit j k ut tangens * ſub j Ik vel anguli ſub 
| nmq&rs erit ut tangens anguli ſub s R r vel anguli ſub n mt, 
Iz ideoque & fluxio ordinate PI erit ut tangens anguli ſub nm q, nimi- 
_ rum ut nv; & fluxio ordinatæ QB ut tangens anguli ſub n mt, ni- 
ES | mirum ut nw; curve igitur ed, cujus arez ordinata PI propor- 
=. 8 tionalis eſt, ordinata p + poteſt eſſe æqualis tangenti nv, & ordinata 
1 Q x ab alteri parte puncti M =n w. Quoniam autem ſectores p m q. 
2 2 mt ſunt æquales, conſtituĩ poteſt ſector p m q æqualis areæ MN WB 
en- curvæ cujuſcunque K L conditionem habentis in regula prima indica- 


tam; & ſector ꝑ mt æqualis areæ n X Q ejuſdem curvæ. Denique 

c ſi ducatur linea recta & lineæ MY er & proxima; cum angulus 
ws | [ ſub « Ma = fit dimidio anguli ſub j Il, 

1 angula « Mn, nm ſimilia, & prima ratio e ad M eadem cum ratione 


vel angulo ſub nm Z, erunt tri- \_ 


Jari a MY Mets 
een dense, Be Pere dil ett BESS 


Vol. VI. Pax r I. F & 
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Fig 44 


ls fit ſectori 3% F. In circuli arcu (fig. 43.) no ductis 


ſolvendi. | g 
5 Literæ m & n eadem denotent, ac in regula tertia, & fiat 5 


/ Curves interſefing one another in a given Angle. | 


& M nz. Hic autem habetur ſeptimus modus, quo problema 


ſolvi poteſt. 

"5 88 curvæ K L linea recta ſumatur, quicunque fit angulus ſub 
nmz eadem deſcribetur curva; adeo ut hac ratione invenitur una 
eademque curva, quæ diverſis ſitibus in angulo quocunque dato pro- 
blema ſolvit. Hæc autem curva a circuli & hyperbolæ quadraturi 
dependet; fi enim ducantur mr, ns ad mn perpendiculares, qua- 
rum fe = fit mn, & aſymptotis mn, me hyperbola „ deſcri- 
batur, & deinde q eu, ps ducantur lineis m, no parallelz ; quando 


MP. = eſt arcui circuli pq, er it ordinata PI = wage 


, if mu fit 


2 Mun. 5 


Keg. V. Deſcribatur (in fig. 42.) curva Mu ut in regula ſe- 


cunda, & (in fig. 44.) radio = mn deſcribatur ſemicirculus a 6 5, 


cujus centrum , ſit autem 4 diametro «y perpendicularis. Su- 
matur J = Py, ducatur «{ ad 4 parallela, jungaturque #7, 
Deinde fit curva K L ejus nature, ut area Mn WP ſemper æqua- 
» ſinn 
arcus pq, & po finu arcus np, producatur mp ad z, 
que ZZ ad pu parallela. Porro dictis mn mp, a; md, b; nz, c; 


ps, R; nv, 3; erit ut mp: p:: mz: z, ſed ut md: mn(mp):: 


mn: mz; ex æquo igitur ut mo (0): ps(R) :: mn: z E:: mv 


De Þ 13) : zv (y—e) unde by — be = RVH¼ #33, & | 


bbc +aR /aa—RR. 
bb RR 75 
Hinc autem modo octavo ſolvitur problema. | 
Reg. VI. Per propoſitionem nonam tractatus de quadratura Cur. 
bbc +aRV/aa—RR, 
bb =-RR © 


#qualis eſt areæ curvæ, cujus abſciſſa eſt R & ordinata = 


denique y vp P = 


yarum area curvæ, cujus abſciſſa eſt z & ordinata 


„ et aR L - RR. Unde habetur modus nonus problema 


5 —<RR 


e K t 
* ee eee eee 


1 
4 | — 4831 3 9—1 
het = bb R h RR RT X57 I R 4] 


L % vid. Barrov. left. geometr. Pag · 110 
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| Curves inter: ect ing one another in a 8 ven Ang 10 


AHK. Unde ſi n Err denotet, & p numerum quem- 


' cunque integrum & affirmativum, curva geometrice rationalis inve- 
nietur, fi modo ſit numerus affirmativus ; vel etiam ſi z fit unitas, 
m numerus affirmativus, & 2p numerus impar negativus numero 


m major. 


in 2, & produeatur : ad u, ductà 47. Sit autem curva (in fig. 42.) 
K L cqus naturæ, ut area Mi WP fit ſectori 437. Dictis igitur 


mn, a; Af 6 & tangente arcus pq, R; crit nv = r = 
— * : . 
2 . Et hic eſt decimus problema ſolvendi modus. 


Quando angulus interſectionis rectus eſt, & c = a, hæc regula ſub 
formula poſteriori regulæ ſecundæ comprehenditur. 
Item fi loco x M linea recta ſumatur, quicunque fit interſectionis 


angulus, caſus illegurye logarithmice invenietur, quem in regula ſe- 
* cundi tradidimus:” : 


Reg. VIII. Ut antea, eſt area curve, cujus abſciſſa z & ordinata 


a ac T AR 


— — — — 


224 — RA æqualis area curvæ, cujus abſciſſa eſt R & ordinata 


z,aac+taaR 


R a4 -R Hic autem eſt undecimus modus problema ex- 
equendi. | E 


8 | 2 „ 
Literis n, n nclem denotantibus, ut antea, ſit R * R 2 
| | E 4 a R= — 
„a — cc RN; & ordinata R — fiet = R - 


x a*c FAZIT +a*ccxR+aacRR NA RN: que for- 
mula curvas geometrice rationales facile præbet. 


rertia invenietur. i 5 
Reg. IX. Si NO ad lineas AB, CD perpendicularis ſit; & du- 

catur curva KL, cujus ordinate P W. 

puncto M diſtant, æquales ſint, & ab eadem abſciſſæ parte poſitæ; 


radio ordinatæ PW æquali deſcribatur circuli ſegmentum a be, 


quæ angulum comprehendat angulo æqualem, in quo curva ſe ip- 
ſam ſecare requiritur, cujus ſegmenti centrum æqualiter diſtet a lineis 
AB, CD. Ducatur autem & alia curva M cujus ordinatz Py, Q: 
æqualiter a puncto M diſtantes ſint æquales & a contrariis partibus 


NO ad perpendiculim , junftaque ch, maniſeſtum eſt, ſi curva 
quæſita E F <us fit naturæ, ut contingens in puncto I ſemper fit 
parallela linez gh, propoſito ſatisfaciet. Nam cum fir WP =QMX, 
idem circuli ſegmentum ordinatis PW, Q convenit; adeo ut fi 

jeg F 2 N ſuma- 


by 


Reg. VII. Ducatur (in fig. 44.) g ſemicircujum s 8y contingens | 


Si ſit =1 = # =p; ecadem parabola ſemicubica atque ex regula 


abſciſſæ NO poſitæ. Deinde ſumptà Mf = Py ductàque fh linea 
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36 Curves interſefting one another in a given Angle. 


ſumatur Mg = G ducatur gk ad N O perpendicularis, & jungatur 

ck, linea recta contingens curvam quæſitam EF in puncto R paral- 

lela erit lineæ ck. Quoniam igitur S eſt Py, ideoque M g = 

Mf in fitu hujus curvæ E F inverſo, & quando punctum R in pun- 
ctum I cadit, contingens in puncto R linez puncta a, h conjungenti 
parallela erit, & cum contingente in} puncto I angulum conſtituet 
æqualem ei ſub ahc, nimirum angulo in ſegmento a be compre- 
henſo. Invenitur 52 hujuſmodi curva, fi fiat ut <z::fh: fc. 
Quamobrem ſi pro PW ponatur m pro a M Mc ponatur »; pro 
intervallo inter punctum M & centrum ſegmenti ponatur p; & pro 

P., Mf, 2; habebimus ): Z:: Vn - ep: n, &j = 
LA ZA 
3 
oo ſegmenti a be angulum, & invenietur y vel PI metiendo curvam, 


| | cujus abſcifla eſt z & ordinata Y = - L. Hic autem exhibetur 
| quodecimus modus problema tractandi. | 


Si angulus ſub ahc fit rectus, erit p= 0, »=m, & ordinata curve 


metiendæ R Quam profecto ordinatam problemati ſatisfacere, 


intelligi quoque poteſt ex poſteriori regulæ ſecundæ formula, 

/ —— Al. was — nan K L, x Mu rectæ ſumantur, quando 
angulus ſub a hc rectus eſt, erit curva EF cyclois ;” quz facile 
determinatur forma undecima tabulæ curvarum ſimpliciorum, quæ 

cum circulo & hyperbolà comparari poſſunt in tractatu de quadraturi 

' Curvarum Newtoni. $. | | | 

Reg, X. Porro area curve, cujus abſciſſa eſt 2 & ordinata 


2. Dantur autem rationes inter m, u, p ob datum 


. æqualis eſt tum areæ curvæ, cujus abſciſſa eſt 


i 1 * Ander = AL i tum areæ curve, cujus abſciſſa eſt 


ee. 
9 & ordinata 7 x A f 


quibus problema ſolvi poteſt; quorum poſteriori, ratione ſequenti, 
curvæ geometrice rationales inveniri poſſunt. 


8 | 
- Unde habentur duo alii modi, 


. + Bp A. 
Sint , s numeri impares, » numerus par, & ponatur = f 


„„, item m1 171777 Unde erit 2 = areæ curvæ, cujus 


abſciſſa elt q & ordinata qv , & ordinata + — 2284 


get e ee eee, 
1 0 ind ; , His | 


you 


Curves interſefting one another in a given Angle. 


His quatuordecim diverſis modis generalibus amicus meus probte- 
matis ſdlurionem abſolvit. Demonſtrationes autem illius ex compoſi- 
tione uſus in hoc problemate curvarum geometris notarum fic ſe habent. 

Caſ. I. Linearum Legarithmicarum. Sit AB linea logarithmica aſym- 
ptoton habens CD; eique ordinatim applicetur E F, quæ fit ſubtan- 
genti logarithmicæ æqualis. Ad lineam rectam EF & ad quodcunque 
in ea punctum I conſtituatur alia linea'\logarithmica G HI priori ſimi- 


lis & æqualis, ſed ſitu inverſo diſpoſita. Deinde ſi contingentes HL, 


HM ducantur, dico angulum ſub LH M angulo ſub CE F eſſe æqua- 


lem. | 


Ordinatim applicetur HN, fiat EO = EN, ordinatim applicetur 
O P, & ducatur contingens PQ. Punta P & H zqualiter diſtant a 
rectà EI, unde punctum P in curva AB puncto H in curva GI re- 
ſpondet, & angulus ſub O PQ = eſt angulo ſub N H M, propterea 


quod, curvæ AB, GI ſimiles ſunt & æquales. Quoniam vero curva 


AB eſt logarithmica & EN, EO zquales, eritNHx OPS EF g. 
Eſt autem EF =NL = O Q: unde ut NH: EF (NIL) :: EF 
(OQ): OP. Cum igitur anguli ſub HNL, QO ſint æquales, 
triangula HNL, Q OP ſunt ſimilia, & angulus ſub QP O, qui æqua- 
lis eſt angulo ſub NH M, æqualis quoque erit angulo fub NL H. 
Unde anguli ſub NH M & ſub NL H æquales erunt, & angulus ſub 
L HM angulo ſub CN H five angulo ſub CE F æqualis. Q. E. D. 


Caſ. II. Linearum Logarithmicarum. Sint AB, CD duæ linez rectæ 


parallelæ, intra quas quælibet alia linea recta EF ducatur. Ad aſympto- 
ton AB deſcribatur linea logarithmica G H, cujus ſubtangens ſit æqualis 
lineæ EF, & ordinatim applicatæ comprehendant cum aſymptoto angu- 
los verſus contingentes æquales parti dimidiz anguli ſub AE F. aibus 
poſitis, ſi ad aſymptoton CD alia deſcribatur linea logarithmica ILM 
priori ſimilis & æqualis, & ſi ducantur contingentes LN, LO, dico 
angulum ſub OL N angulo ſub B F eſſe æqualem. | 
Ducatur NP, ut angulus fub*A N P angulo ſub A EF fit zqualis, 
& erit NP = EF. Sumatur NQ linez EF five ſubtangenti lineæ 
logarithmicæ æqualis, denne d Quoniam igitur Qt un- 
cum Q conungit cum puncto contactus L, QL ordinatim a 
ptoton 
tem LN. zqualis erit parti dimidi 


aſym- 


anguli ſub AEF vel anguli. ſub 


Fig. ,47. 


B applicabitur, ideoque _ ſub L QN verſus contingen- 


AN; eſt autem N _— r igitur N- P, NQ 
ua 


ſunt æquales, & angulus ſub LQ N æqualis dimidio anguli ſub AN P, 
recta Q producta tranſibit per P efficiens triangulum PN Qiſoſceles. 
Eadem ratione fi ducatur OS, ut angulus ſub COS zqualis fit angulo 
ſub AE F erit OS EF; fi vero ſumatur OR = EF, ducaturque 
RL, ordinatim ea applicabitur ad aſymptoton CD, & producta tran- 
ſibit per. S, propterea quod linea I M fimilis eſt & æqualis lineæ G H. 
Erit autem angulus fub PRL (= angulo fub LS = angulo ſub 
L QS= angulo ſub NPQ. Unde exit angulus ſub LS Q angu'o 
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Curves interſeting one another in a given Angle. 


ſub NPQ, & triangula SL Q. PNQ fimilia funt, anguluſque ſub 
SLQ = angulo ſub PN Q= angulo ſub BEF. Eſt autem & L S = 
LQ, OS=NQ, item angulus ſub O SL (= angulo ſub O RS = 


angulo ſub NQL. Triangula igitur OS L, NQ. zqualia ſunt, 
| habentia baſes OL, NL æquales, & angulos ſub N LO. O LS, etiam 


æquales: auferatur communis angulus ſub N L'S, & relinquetur angu- 
lus ſub OL N = angulo ſub SL Q = angulo ſub BE F. Q. E. D. 

De cycloide. Sint AB, CD duæ rectæ lineæ parallelæ, quas E F ad 
perpendiculuin ſecet. In diametrum E F deſcribatur ſemicirculus EG F, 
& eo ſemicirculo deſcribatur ſemicyclois FH. Jam ſi alia ſemicyclois 
I L Qu priori ſimilis & æqualis ſed ſitu inverſo intra parallelas deſcriba- 


tur, & fi contingentes LM, LN ducantur, dico angulum ſub M LN 


rectum eſſe, | 
Sit IOP ſemicirculus, quo deſcribitur ſemicyclois I Q, ejus diameter 


.TP; ducatur L GO, lineis AB, CD parallela, & jungantur F G, 


GE, IO. Erit deinde contingens L. M parallela rectæ F G, & con- 
tingens L N parallela rectæ I O, quæ parallela eſt rectæ EG. Angu- 
lus igitur ſub ML N eſt angulo ſub F GE recto, ideoque angulus 
ſub M LN rectus eſt. Q. E. D. 7 
Die parabola ſemicubicd. Si rectam lineam AB alia recta linea CD 
interſecat in puncto D cum lineà AB angulum quemcunque conſtituens; 
& ſi ſumatur DED C deinde ducatur EF, ut DF fit =DE; 
& denique diametro C F & vertice C deſcribatur parabola ſemicubica 
G CH, quæ tranſcat per pun&tum E, habeatque ordinatim applicatas 


ad diametrum CF line FE parallelas: his poſitis, fi parabola hæc ad 


lineam A B in ſitu inverſo deſcripta fit, ut eandem in ſitu jam dicto de- 
{criptam interſecet, & contingentes ad punctum interſectionis ducantur, 


illæ contingentes ſe interſecabunt in angulo æquali angulo ſub CDB. 


Sumatur in parabola G CH punctum quodvis I, ducatur IL C, & 


ſumptà EM = E L ducatur MN C. Deinde ordinatim applicentur-: 


OQIP, NQR, ducaturque-CE V, item EX diametro CO parallela. 
His poſitis erit VX: XE :: EF: FC, & XE: XP:: DF: EF. 
Unde ex æquo ut VX: XP :; DF: FC, dividendoque ut VX: 
VP:: DF : DC. Quoniam igitur eſt DF =DE =+ DC, eſt 
etiam VX =: VP. PoroutTOg:EFgq::COc:CFc:: VOc: 
EF c. Quatuor igitur ratione continuata proportionalium eſt VO ſe- 
cunda, quarum-I O eſt prima & EF ultima. Eft autem & O : OV : : 
LF: EF. Ideoque ſunt 10, OV, FL, FE quatuor ratione conti- 
nuata proportionales; unde ut VO: LF::LF:EF::VO—LF: 


| „ e eee ut LF Æ EF: EF: : vO - EF (VT): LE. 
Demonſtratum autem fuit VX æqualem eſſe dimidio lineæ VP. Ut 


gitur 2 L FT YE F: EF: : VP: LE: : 2LFEET2 EF: EF g. 
am vero ut IO: LF (:: IV- LE): : LF (2 LFETLEA—EF q): 
F g, propterea quod lineæ IO, VO, LF, E F ſunt quatuor ratione 
continuata proportionales; quoniam igitur ut VP: LE: : 2 LFE + 


modo 


2 EF? : EF g. erit ut PI: LE: : 3 EFF — LE: EF g. Eodem 


The eleventh Propoſition of Sir Iſaac Newton's, &c. 
modo demonſtratur ut NR: EM: 3 EFA EM: EF . Cum 


uncta N, I zqualiter diſtant a linea A B. Si igitur parabola ſemicu- 
bie G CH in ſitu inverſo ad lineam A B deſcribatur, punctum N in- 
cidere poteſt in punctum I. Parabolæ huic detur ille ſitus inverſus 
' beg, & ducantur contingentes ITS, EW, ANT, I; item lineæ 
WLV, WZ M. Erit ex naturà parabolæ hujus OS =; OC, FW 
=}FC,&QT=;QC. Eſt autem & ED Sgτν FC; unde FD, DE, 
& DW ſunt æquales, & angulus ſub FE W rectus: &, cum EL fit 
= EM, erunt & anguli ſub EWL, EW M æquales. Quoniam au- 


ſimiliter dividuntur in punctis 8, W, T, ent W LY contingenti ITS 
parallela, & WZ M corftingenti NT. Eſt igitur angulus fub WD 
= angulo ſub Ir, & angulus ſub WZ D = lo ſub NAD S an- 
gulo ſub IT. Porro cum anguli fub EWL, EW M ſint æquales, & 
anguli.ſub DE W, DW E etiam æquales propter linearum DW, DE 
æqualitatem, erit angulus ſub IW D = angulo ſub WZ D. Ideoque 
angulus ſub C DB, qui æqualis eſt ſummæ angulorum ſub WY D & ſub 
YWD, æqualis erit ſumma angulorum ſub I T /, & ſub Iz Tr, nimirum 
angulo ſub I xqualis. Q. E. D. A1 9 . 


— rr r 
2 . N ir : 4 a — EY - 
8 D 1 2 N 4 — — _ < — 
n 4 > 4 2 * TN] — — — —— 
— COT Is ———_—— — 
- 


WP, N 


igitur E M ſit E L, erit NR πτ P, ſunt autem parallelæ, Ideoque 


tem LM F lineis 1 O, NQ parallela eſt, & lineæ O C, FC, QC 
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Fig. 50. 


-4 VI. HIS propoſition conſiſts of two parts : the firſt is as follows. 
* Let there be any curve ADI whoſe abſciſſe AB ſhall be de- 
1 noted by 2, and its ordinate BD by yz which may be related in any 
manner to the abſciſſe. And calling chis the firſt curve, let other curves 
AEK, AFL, AGM, AHN, Sc. be formed to the common abſciſſe 
* AB, or z, by making the ordinate B E of the ſecond curve always 
& equal to the area ABD of the firſt divided by unity; the ordinate 
i. Off BF of the third equal to the area ABE of the ſecond divided by unity 
1a the ordinate B G of the fourth equal to the area ABF of the third divi- 
F. ded by unity; and ſo on continually. . Suppoſe now that other curves 
* AOS, APT, AQV, ARW, be deſcribed to the ſame common ab- 
eſt ſciſſe AB or z; in which curves the ordinate BO of the curve A0 8 
2 ſhall be equal to 2 9, the ordinate BP of the curve A P T equal 
2* y, the ordinate B Q of the curve AQV equal to 2 y, the ordinate 
8 BR of the curve AR W equal to z* y, Sc. And let the whole area 


ACTI be denoted by A, the area ACS by B, the area ACT by C, 
the area A CV by D, the area ACW hy E, Sc. Then the ſeries of 
curves ADI, AEK. AFL, AGM, AHN, are thus meaſured : * 
The area of the firſt curve ADL s = A 2 N 
— of the ſecond AE K is AB | 


—— of the third AFL = — 


—— of the fourth AGM = A—4aÞ n 


: 
— of the fifth AHN = ZA<=42B+ 62C—42D4E \ 
4 | 24 £ 


2 and 


* 7 * w 
* 
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and ſo on perpetually. Here in all the curves following the firſt, the 
index of the higheſt power of 2 is always the number which expreſſes 
— the diſtance of the curve from the firſt, and afterwards decreaſes regu- 
larly by unity; the firſt term is multiplied into A, the ſecond into B, 
the third into C, the fourth into D, and ſo on; the coefficients are the 
ſame as in a binominal raiſed to the higheſt power of z, and the diviſor 
is ſo many terms of this progreſſion 1x 2 * 3X4X5 x 6 Sc. as is ex- 
preſs'd by a number equal to the higheſt index of z. Otherwiſe ſup- 
poſing » to repreſent the diſtance of the curve to be meaſured from 


/ firſt; then the area ſought will be found by extending z — 10 into a 

_ ſeries, and multiplying the firſt term by A, the ſecohd by B, the third 
by C, the fourth by D, Sc. and dividing the whole by an 1x #—2 ! 

Sc. continued to unity. . | | 
Second Part. Sup ſing the firſt, ſecond, third, Sc. curves to be 
the ſame as before: fer ; denote the whole abſciſſe A C, and put x for 
BC: then deſcribe the curves CXA, CYA, CZ A, CrA, where BX 
mall be equal to xy, BY= x*y, BZ=#x'y, BT = N), &c. This 
J being done, and in the ſeries of curves CIDA, CNA, CTA, CZA, Se. 
HE the firſt area CID A being put equal to P, ſecond CX A equal 
to Q the third CYA = R, the fourth,CZA =S, the fifth CTA = 


- 


: T, Sc. The whole areas of the aforeſaid ſeries of curves are alſo de- 
* - + termin'd as follows. LT 
5p The firſt AIC=P 
The ſecond AK CQ | [72 
The third ALC=+R * 
The fourth AMC =+-S 
ani The fifth ANC Sg ZT T. : 
Here the areas P, Q, R, S, T, are divided by numbers produced by 
multiplying as many terms of this ſeries 1x 2X 3X4X 5 Sc. together, 
as in the former caſe. | 
Demonſtration of the firſt part. Since each of the curves AEK, AFL, 
Sc. are formed on the common abſciſs z, by every where taking for 
ordinates the area of the preceeding curve, we are to demonſtrate that 
in the expreſſion A, z'A — B &c. each following expreſſion is the area 
of the curve that has for its ordinate that expreſſion which preceeded it, 
and 2 for its abſciſs. 5 | 
Suppoſe m1 —1 x. 
8 


Then A- z BTT C&c. Da 


——_— — 


MXM—IxXm—2&c. 


—2 


And 2" A— 2 BEX = C &c. 


1 xn — 1X — 2 &c. ' 


are by the-propoſition two expreſſions following each other, we are 
to ſhew that the ſecond of them is equal to the area of a curve, which 


has 


/ 


Fate II Vol VI. Tart IL 4 


' 


2 ks 
* 
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has the firſt for its ordinate, and z for its abſciſs. The Foal fee of this 
laſt mentioned area is & into the firſt of theſe expreſſions; we are to 
ſhew that the ſecond of theſe expreſſions is the fluent of that fluxion, 
or which is the ſame, that the fluxion of this ſecond expreſſion is equal 
\ to ⁊ into the firſt expreſſion. 

The fluxion of the ſecond is 5 


m—1 — 2—3 ” . | 
NZ Z Am X—z 2 B & C&c 


+ 2A — 2 2 B bore A Whey OS &c. 
the whole divided b A 1Xxn— 2 &c. Here the firſt line con- 


fiſts of the fluxions of the powers of z into A, B, C, &c. and the ſecond 
line is the fluxions of A, * &c. into the powers of z. But each of 


the terms 2A, 2 B, z © C&c. in the ſecond line are equal to 
2"zy, ſince by the formation of the curves that A, B, C, 8c. are the areas 
of, A =zy, B= C=2Z22y. The ſecond line of this fluxion is 


2 7 x 2*zy, that is, equal to 
—9 x 2" Zy = ©, the whole fluxion by this means becomes | 


. y — —1 
1 AIK 2 BTL * C &cc. 


—ů 

c. 
Then ſtriking out the common multiple à from top and e 
and dividing by 2, we have the ſame quantity equal to 


|. | gy n—2 "es 
2 * 2 A —=z, B+ A . I / 


. 1 


1— IX 2 X — 27 
and ſubſtituting m, m— 1, — 2, &c. forn—1, 1235 — &c. 
m „ — m nam des bf 


the fame becomes à & 2 . B+ 5 x | 


„ * „ — 1 * 2 Kc. 
This then which is the fluxion of the fecond expreſſion, is is Mn to be 
equal to Z into the firſt expreſſion, conſequently each following term 
& the area of a curve that has the preceeding term for 1 its ordinate, and 
2 for its abſciſs. 
, Demenſtration of the ſecond part. Suppoſe any curve whale diſtance ' 
from the firſt is denoted by n; we are to prove that the curve whoſe 


abſciſs is BC or x, and its ordinate x"y divided by n= iK —z 

x :—} &e. continu'd to unity will be equal to it, when x is equal to > 

A Cort. | 3 
It is evident that when the areas ABD, ABO, ABP, ABO. ABR, Sc. 

decreaſe, the areas BCID, BCSO, CT. P, BCVQ, BCWR increaſe 


Vol. VI. Parr l. G 5 reſpectively z 
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reſpe&ively\; and conſequently the decrements of the areas 
ABD, ABO, ABP, Sc. or their fluxions with a negative ſign, are the 
increments or fluxions of the areas BCID, BCSO, BC T P, Sc. that 
is, calling the areas ABD, a, ABO, b, ABP, c, ABQ,4, and BCI D, a; 


B CSO, 6 BC TP. ; BC VO. BCWR, «: then «=—= 


=, 722. — =, = — 


4 | ? 
Now the fluxion of the curve, whoſe abſciſs is x, of B C, and its 
ordinate y is x *; that is, equal to xy * -; * being =? —2z 
or ſince the increment of x, or x is equal to the decrement of z, or — &, 


| the fluxion of the ſame curve is equal to — 2) x I =—Z2y in!'—n 


1 — 1 


* nx = x2 &. =— 2 T 22 =- 


4 22 y, &c. that is, 4 „-e Kc, 


or a- T, &c. and taking the fluents, the area 
of the curve, whoſe abſciſs is x, or BC, and ordinate , is equal to 
* hu 8+ nx 1 y &, But when # is equal to AC, then 


«, 6, y, &c. will be equal to A, B, C, &c. as is very evident; conſe- 


quently the area of the curve whoſe abſciſs is x, and ordinate & , 


when c is AC, is An B+ nx— 4 C &e. that is, equal 


"8 AR thrown into a ſeries, and the firſt term multiplied by A, the 


ſecond by B, the third by C, Sc. But il throwts. into a ſeries, 
and the firſt term multiplied by A, the ſecond by B, the third by C, c. 


and then the whole divided by 1 x .I 2, Cc. continued to unity, 


is equal. to the area of the curve, whoſe place in the ſeries is denoted 
by n: therefore the area of the curve, whoſe abſciſs is equal to x, 
and its ordinate to x" y, taken when x is equal to AC, and divided by 
AX 8—1X #==2 Xx 3 &c, continued to unity, is equal to the area of 
a curve whoſe place in the ſeries is denoted by n; that is, Q, which is 
the area of a curve, whoſe abſciſs is x, and ordinate xy taken when x . 
is AC, is equal to the ſecond curve AKC; half R, which is the area 
to the abſciſs x, and ordinate x* y, taken in the ſame manner, is equal 
to the third curve ALC; 38, which is a like area to mand xh, is equal 
to the fourth curve AMC; AT, the area to x and xt y, x being equal 
to AC, is equal to the fifth curve ANC; and ſo on perpetually. 


Q. E. D. 


VII. Prop. I. 
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Veducin 
VII. Frey. J. 8 of 
I ft ſrabtio quælibet —— IH N T6 cujus 2 2 
numerator fi data quantitas, & Ae fit multinomium utcun- per ones, and 
_ compoſitum ex datis, 1, e, ,, g, &c. & indeterminata x, dico Y. ſumming the 


ractionem ſupradictam ad fractiones * reducibilem fore. "_ 


tain ſeries, 


Caſus primus. Sit fractio propoſita _— , finge deno- 3 — _—_ 


. 163. Se 
minatorem 1 —ex+fxx=0, ſintque _ f radices iſtius æquationis, | ember Se. 
five facto xx—ex+f =0, ſint m, p, radices æquationis novæ, fac | 

A === atque B , & erit fractio propoſita æqualis fam —* 

24 + B 1 a 2 

* LT OE. | | 
Caſus ſecundus. Sit fractio propoſita 5 I —Ccx re Py : 

tur » -e RX TF X- g Do, ſintque m, p, q, radices . æquati- a 


onis. Pone A San 2 2 5 4p. 


A 
' & erit fractio propoſita quali ſummæ CE HATE? 17. 


1 'c / 9 > 
11 | 3 
Caſus tertius. Sit fractio propoſita 7 


I —ex ne FI ITELTA 
Fingatur a%—e + f x # —8# + b=0, ſintque n, p, 9, 5, radices - 


ts eqns, p00 4 = — 5 


* . b n 


eritque fractio propoſita æqualis ſummæ . 5 N 


4 Caſus quartus. Sit fractio ds Te 9 e 
fingatur & —ex* + fa" —g T BI =0, fintquem, 5. 9, 5, 
radices iſt ius ©quationis z pone A= = 


— — ͤ— ; 
2 C = yn ee £ | 
B=z—mxp—qxp—5xp —1. ; gn mg —pxgrmixgo=ls. x 
| $4 10 
De ———— —-— m 


N = — — AH 
** 4 * —7 1-1 * —- 2. 


„ - | Eritque \ 


1 
/ 
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07 reducing Agebraic fractions to fmpler ones, 


LEY 3 1 

Eritque fractio propoſita æqualis ſummæ, 3 
3 D E. 

1 — 3 * n 1215 

prodit, tamque facilis eſt illius continuatio ut inutile foret illam 

verbis explanare. 


Coroll. I. Si radices omnes ſint æquales, non poterit fractio pro- 


+ 


Lex reductionis ita uno intuitu ſe 


poſita reduci ad ſimpliciores. 


Corll. II. Si radices aliquæ ſint æquales, aliæ vero inæquales, 
poterit reduci fractio propoſita af ſimpliciores ; fit v. g. fractio pro- 


I 1 ä 
Poſita ——77 Pr factoque ut præſcriptum eſt ** 
+fx—g=0. Sint radices iſtius æquationis m, p, 9, quarum m & 9 


ſint æquales: erunt fractiones ſimplices in quas reſolvitur propoſita 


mm . PP | 


—  — __——_r___.. 
n Nn = Ni- M Tn NPK Ii 


* 


—+ ——L_— ; addantur duz priores in unam ſummam, 
4 ET * 


1 — MXq—PXI—qx 


; % 1 7 n 0 4 
& erit ſumma (diviſis numeratore & denominatore per m — p 


mD DAD a „ —. 
Mm—xp—=q+I—mxX1—Px m—qJ 1 1 x 


'M , 


ductæ eru nt  - | | 
bs 145% 2g m xm m—q* x 1 —m K. + 


e oa | ; 8 

m — 42 *1— * . | | 
Coroll. III. Si fractiones ſimplices in quas reſolvitur fractio propo- 

ſita involvant quantitates imaginarias, tunc quicquid eſt imaginarii 

ſemper deſtruetur per additionem vel plurium fractionum numero pari 

ſumptarum - 5 


Coroll. IV. Ex combinatione fractionum fimplicium WE apt. 


limitatione radicum, plurima ſuborientur theoremata in quibus ine- 
rit concinnitas quædam minime aſpernenda ex gr. ſit fractio propoſita 
1—ex+fxx—gxi + bx* | | 
gabe. Sint m, p, q, 5, radices æquationis, ſintque fractiones 
n f 6 
in quas reſolvitur propo , 17 + = + — + 


Ponatur q==m, atque 5 = — 3 addantur ſimul duæ 
priores, 


„factoque ut antea x - * +f xx — 


», a. Yi ak r 6 i OA 


4a © ĩ̃ th — 


and of ſumming the terms of certain Series. 
bd itemque duæ poſteriores, & reducetur fractio propoſita ad 
f m + 3 2 0 


ZN PY M If 2 TY TANK 


fi vero ponatur p = —m, atque 5=—g, & addantur duæ priores, 


itemque duæ poſteriores reducetur fractio propoſita ad © 


1 — 74 
mm W Bo: | N. 
XI —Mmmxx m NK i- ex. 1 
Prop. II. Si ſit 7400 quælibet cujus numerator ſit data quantitas, 
& dcnominator fit. trinomium vel quadrinomium vel quinquino- 
mium, &c. radicalitate non affectum & utcunque compoſitum ex 
datis, 1, e, f, g, b, &c. & indeterminata x, atque dividatur numerator 
per denominatorem, ut habeatur ſeries infinita; dico fore ut, ſi ſu- 
mantur termini quilibet iſtius ſeriei æqualibus intervallis a ſe invi- 


cem diſtantibus, ſeries infinite inde reſultantes, ſummabiles futuræ 
ſint. 


Exemplum I. Sit fractio propoſita —— reducatur illa ad 


ſeriem infinitam, nempe ad 1 +x +2xx T3 + 554-+8 xf + 
13 * + 21% -+ 34 &c. ſumanturque termini omnes alterni, 
incipiendo a primo, itidemque ſumantur termini omnes alterni, incipi- 
cndo a ſecundo, hincque conficiantur ſeries binæ, 
videlicet, 1 + 2 xx +544 +13 x* + 34 x &c. 
| x + 3 ⁰ +8 +21% + 55 x? &c. | 
Fingatur denominator fractionis propoſitæ, 1 —x —x e, jam 
cum indices poteſtatum indeterminatæ x in novis ſeriebus ſe invicem 
ſuperent communi differentia 2, pone xx = 2, atque "pe duarum 
æquationum I — x - X * =0, & x x = z, ext ninetur K 
fietque 1 —=3z 2 2 =0; jam nunc reſtituatur x, & erit 
1—3 xx + * ; dividatur hæc æquatio per primam , quo- 
tiens erit Lo -x Tumantur alternatim termini quotientis, prop- 
ter terminos alternatim ſumptos in ſerie propoſita, hincque orientur 


ſummæ duæ, 1 —xx, & x; conſtituantur he ſumma numeratores 


fractionum duarum quarum communis denominator fit 1 - 3 x x + . 


TIED Tan” af... 4 * FE) . 
eruntque N TI 8 2 —... 


varum ſerierum. | 


Exemplum II. Si vero deſiderentur ſummæ terminorum intervallis 
binis a ſe diſtantium, fiat ut prius 1 - * — x x =0, jam cum indices 


poteſtatum in novis ſeriebus ſe invicem ſuperant communi differentia 


3, ponatur & , & fiet 1 42 —2z Zz o, atque reſtituto x, fiet 
1— 4 —x*=0; dividatur 1 — 4 x* — * per 1 — «„ xu, quo- 


tiens crit 1 + x 2K * x + x4, cujus termini ordinatim ſumpti 


ad. intervalla bina, tres conficient ſummas, videlicet, 1 — , x + , 


XX, 
. 


we, 


F m TPTA : 
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2 * x, quæ ſigillatim ſumptæ, erunt illæ numeratores, trium fracti- 


onum, quibus ſi apponatur communis denominator 1 — 4 * — K, 


1— * x —— x+ Tn 2XXx 
I - 4 — * 1 — 4« — * 1—4 — , 
ſumme tres terminorum omnium binis intervallis a ſe diſtantium, in- 
cipiendo reſpective a primo, ſecundo & tertio termino; atque eadem 
methodo colligere licet ſummas terminorum ternis vel quaternis vel 


erunt tres fractiones, 


quinis intervallis a ſe diſtantibus, five denominator fit quadrino- 


mium , vel multinomium quoducnque ex terminis finitis compo- 
ſitum. | . | 

Prop. III. Si dividatur unitas per trinomium utcunque compoſitum 
ex datis 1, e, f, g, &c. & indeterminata x ; dico terminum quemvis 
ſeriei ex hac diviſione reſultantis aſſignabilem fore. 

Sit trinomium 1 — e x + f x finge xx —ex + f=o, lint m & p, 
radices æquationis; fit / - 1 locus termini deſiderati, hoc eſt ex- 
primat / intervallum inter primum terminum & terminum quæſi- 


tum, fac A = - B = . Et erit terminus deſideratus 
ES phys * 3 ; 
Am + BY xx. 


Eodem modo ſi dividatur unitas per quadrinomium 1— en ＋ 72 x 
, pone „ -e + fx—g=0, ſintque m, p, q, radices 


** mm | 
quationis, fac A = == =m—_ B 2 —— C = 


m—pxXm—, p_-mXp—_g 


D Et erit terminus deſideratus Am'F Bp + Cy xx, 
& lex eadem obtinet pro multinomiis quĩbuſcunquue. 

Prob. A & B quorum dexteritates ſint in ratione data videlicet ut 
4 ad b, ea conditione ludant, ut quoties A ludum unum vicerit, B 
tradat ipſi nummum unum: quoties vero B vicerit, A tradat ipſi 
nummum unum: & non prius ludo deſiſtant, quam eorum alter num- 
mos omnes alterius lucratus fuerit; quæritur quantum probabile fu- 
turum fir ut certamen intra datum ludorum numerum x, vel expirante 
illo nume ro, finiatur. ; 

Caſis primus. Sit n numerus nummorum quos uterque colluſorum 
haheat; fit etiam numerus par, ponaturque à ad þ habere rationem 
æqualitatis. | : 85 : 

Centro D, Irtervallo D A = 1, deſcribatur ſemicircumferentia 
AMZ quæ dividatur in tot partes æquales quot ſunt unitates in 7,” 
runc ex primo H, tertio K, quinto M &c. & impari quoque divi- 
ſionis termino, demittantur ad diametrum perpendicula HB, KC, 

RE” 


; | H 
MD, © Fe. ponatur eee . 
"MD, OE, QF &c. ponatur O AHT Ic 


+ 


| 


\ 
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» 41 x +1 x +1 = 
es” om Sa + Kea donec ſinus omnes 


exhauriantur: quo facto, erit probabilitas certaminis finiendi intra 
ludos non plures quam x, ad probabilitatem non finiendi, ut 


2 89 2 Q accurate. 


29 1411 
— neglectis 

B77 * 
cæteris, habebitur approximatio ſufficiens niſi forte ſit x numerus valde / 
exiguus. 

3 Sit » numerus nummorum quos uterque colluſorum 
habeat = 10. Sit etiam x = 76. Sl ſumatur pro Q primus termi- 
nus & negligantur cæteri, invenietur probabilitas certaminis finiendi 
intra ludos non plures quam 76 ad probabilitatem non finiendi ut 
50747 ad 49235, fi vero ſumatur pro Q termini duo priores neg- 
lectis c#teris, invenietur ratio probabilitatum ut 50743 ad 49247. 

Corll, II. Invenire quotenis ludis, probabilitates certaminis finien- 
di & non finiendi erunt æquales. 


Coroll. I. Si furnatur 2 Q.terminus primus 


Solutio. Ponatur pro Q terminus unicus 


Xt] 
25 1 Q Q. Et poſito 1 maximo numero, invenietur 
* = =dy 56 n n proxime, aliquanto major quam 4/7. 


Caſus ſecundus. Sit n numerus impar, ponaturque @ ad ö habere 
rationem æqualitatis. 
Centro G, intervallo G A deſeribatur ſemicircumferentia AMZ Fig. 52. 
quæ dividakur in tot partes æquales, quot ſunt unitates in #; tunc 
ex primo tertio K, quinto M, & impari quoque diviſionis ter- 
mino, demittantur ad diametrum perpendicula HB, KC, MD, OE, 
{| QF, Sc. ex diametri extremitate A, Jn ſcilicet arcui contermina, 
ducantur ſubtenſe AH, AK, AM, ad quas e centro G ducantur 


B H* 
perpendicula Ge, GE, Gy, Gd, Ge, &c. N Q FEES 


5 0 
5 : Ga , DM x Gy _ EO x GS. F Sr. 


x + 1 * * 


* 1 
ac 2 — az 1 | 
quo facto, erit probabilitas certaminis finiendi intra ludos non ler 
bee 
quam x, ad probabilitatem non finiendi, ut a N Quaceu- | | 
rate, | . 


Col. 1. 


48 


— 


5 


| | Of reducing Algebraic fractions to fempler ones. 


* — ab | 
litatis. * 51.) Pone 2 21 L 2 Ji 1 
2 5 a +6] a+ Þ|* 2 Face, 


| erte cæteris, habebitur approximatio ſufficiens. 


H x G e' 
Coroll. I. Si ſumatur pro Q terminus Primus — negle- 
a 


Ctis cæteris, habebitur approximatio ſufficiens. 
Exemplum. Sit n numerus nummorum quos uterque colluſorum ha- 
beat = 45. Sit etiam x = 1519. Sumatur pro Q terminus primus 
neglectis cæteris, & invenictur probabilitas certaminis finiendi intra 
ludos non plures quam 1519 ad probabilitatem non finiendi ut 49959 
ad 50441, quæ proportio eſt vero proxima. 
oroll. II. Invenire quotenis ludis probabilitates certaminis finiendi 
& non finiendi erunt æquales. 


FE * 
Salutio. Ponatur pro Q terminus unicus od. 7 . — 7, fiatque 2 
rr 


1 — Q= Q & poſito » magno numero, invenietur x =0.756 nun 
2 aliquanto major quam + # u contra quam ſentiebat clariſſimus 
onmortius. 
Caſus lertius. Poſitis ceteris ut in primo caſu, ſit a ad h ratio inæqua- 


i B N OE 
BBY.» rod 7 :: ..: . 


"AB A5 : * AF» 
| HB . 16A 7 * D 
Fone Q= T TB JT Or XC +————— Se. 


quo facto erit Prsbabilitas ludi finiendi intra ludos non plures quam 


atm 
x ad probabilitatem non finiendi ut #r —2L Us 2 4 Q. 


Coroll. II. Si ſumatur pro Q terminus primus —.— * 12 . mn 


Caſus quartus. Poſitis cæteris ut in ſecundo caſu, fir-g ad b ratio 


inzqualitatis. fig. 52. 
Pane quantitates L, d, r, n, 2 q, s, f, &c. ut in tertio caſu. 
MAILS 


ts BHxGa sl , DMxGy 
on Q=BHES®, n FA Retr i 


bers 


1 2 &e. quo facto erit probabilitas ludi fintendi intra ludos non 
— 
plures quam x ad probabilitatem | non finiendi ut u 2 — 4 L Q ad 
4 L 
BHxGa..— 


'Circlk,” Si famatur pro Q terminus unicus - 7 © dt + 


keQis c#teris habebitur approximatio ſufficiens, 
AI Quem- 


4 


and of ſumming ite turms of certain Series 


Quemadmodum in progreſſione geometricl, terminus quilibet ad 
proxime præcedentem habet rationem datam, ita ſunt aliæ pro- 


greſſiones quæ lic conſtitui poſſunt ut aſſumptis ad libitum terminis 
duobus primis, terminus quilibet ſubſequens ad duos proxime præ- 
cedentes habeat rationes datas; ; hujuſmodi eſt ſubjecta owes, 

A B C D E F 

1+3x+ 221 9 x ec. in qua 

C=2Bx+1A | 

D=2Cx+1Bxx _ 4 

=2Dx-+1Cxx 

F=2Ex+1Dxx &c 

Quantitates autem numerales 2 ＋ 1 Gimul ſumptas ſubque proptiis 
ſigns qonnexas appellare licet indicem relationis. 

Eodem modo conftitui” poſſunt ſeries aliæ in quibus aſſumptis ad 
libitum terminis tribus primis, terminus quilibet ſubſequens ad tres 


proxime præcedentes habeat rationes datas; — generis eſt 8 05 
ſeries. 


7 e D 2 5 

I Tae 08 + 24.8% 97. &c, in qua 

D=3,Cx2Bxx+;AN 

 E=,3Dx—2Cxx+5;Bx' 

F=g,Ex—2Dxx+5;Cx &c. 

Quantitates autem numerales 3 — 2 ＋ 6 Gimul lumptæ ſubque pro- 
priis ſignis connexæ, componunt indicem relationis. | 

Sunt aliz ſeries in quibus relatio fit ad quatuor, vel ad quinque, vel 
ad ſex terminos præcedentes, e. 

Series autem omnes hujus generis recurrentes appellare licebit propter 
relationem terminorum perpetuo reeurrentem. 

Prob. II. In ſeriebus recurrentibus, ex datis terminis duobus 
primis, ſi relatio fiat ad duos præcedentes; vel datis terminis tribus 


0 


primis, fi relatio fiat ad tres præeedentes, &c. dato etiam indice 


relationis, invening. ſummam terminorum quotipet quorum numerus 


datus ſit. 
Problema ſolvitur in tractatu noſtro qui inſcribitur, The Degtrine of 
ue recurrentibus ; 


Chances. | 
Prob. III. Aſſu 


1 ad libitum ſeriebus 


terminiſque, idem intervallis a principio ſerierum diſtantibus, in ſe 
invicem multiplicatis, invenire ſummam ſeriei ex hac r 


reſultantis. 


Inveſtigatio. 1 Proponantur ſeries due, ſicque m ＋ index rela- 
tionis in prima ſerie,” atque p ＋ 4 index relationis in ſecunda, ex 
primo indice m ++ x formetur æquatio x x M - o, ex ſe- 


cundo indice Þ + 9 formetur æquatio y y—2 y—q = 0, pone x y = 2. 
Atque ope trium iſtarum æquationum expungantur * & y, & orietur 


e þ ane 9 = ems 40h 
AF A 
—2% | | 
Vol. VI. Sek ; H | [ 


N 
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in qua deleto 


x == 1, obtinebitur index relationis, quo to, ſeries reſultans fa- 


cile ſummabitur. Il eodem modo procedere licet, ſi dentur ſeries tres 
vel quatuor * recurrentes. 


Of TOA VIII. Lem. 1. HE ſum of che Gans off two rod] quantities- is 
6 : =_ always greater than twice their product. Thus 
Gali > SP i * greater Than.2 8 z becauſe the exceſs: a* 4-b*—2 4b is equal 


| I Felke to 4 2 —5, and therefore is poſitive; ſince the ſquare of any real quantity 
Z n. _ or poſitive, is always politive. _ 

| Key, The ſum of the ſquares of three real quantities is always 

&c. 1726 15 — tint the ſum of the products that can be made by multiplying 

any two of. them by one another. Thus a + + is always greater 

than ab Ace; for*tis plain that the exceſs a- HY aa, 

=22+ . 2 —.— CLIPS hs 4 we 2 EE + a 4-48 

b . I Lan += , that is, half the fum of the ſquare 

of the differences of he e as, 7 c-: but Gude theſe 8 

poſitive, it follows, that the exceſs of a, + above ab +ac+dc 

is poſitive, and that the ſum of the ſquares of three quantities mult be 

greater tham the ſum of the. products made by — = two 

5 of them. rtl eit i 

Tem. 3. The triple ſum, of the ſquares of er inten ** 


than the? double ſum of the products that can be made: by multip lying 


any two of them by one another; for 34 ＋ 3 b. + 3 ＋ 34.— 
re eee Ad- = -a ab Þ + a 


2 ar ＋π t - 2 4 d — qa ages vd Þ4+-Þ —2 1 . 


20+ $=777 E +,7=7', the. ſum; 
of the ſquares of the Aifferbces of the, four ꝗpantities a, Aren 4. 
Therefore 34 +$3Þ ＋ 430 ＋ 3 4 is is greater than 2 ab + 3 
2 d he 2:64 +2 cd, the exeeſs being always poſitive; . 
Lem. 4. Let the number of the quantities a, b, c, 1 e, &c. be * | 
the ſum, of their ſquares A, and the ſum-of t the Products ma- madd by mul- 
tiplying any two of them nee chen dat g Beal. 
Ls - «rig 2 Kg 
For by addin together the mes of the enge 4—5, c, 
a-, be, „, &c. you add a as often to itfelf - as: there are 
quantgrjzes more chan a; the ſame is true of 5, c“, d', e, &c. but 
the rectangles 2 @ b, — 2 ac, 2 42d, 2 be, —2 bd, &. ariſe but 
once _ 1 the — of 2 ſquares a} 5 a—t, b — —.9— i, &c. 


=m—=1XA—2B. Tims 5 52] — 7 18 always a oitive 

quantity; therefore 2 x4 —2 3 is poſitive, and conſequently 

Z greater than B. [4 / 2  Coroll.” 
WE | 


3 


primo termino 25, mutatis ſignis omnibus, atque poſito 


1 
3 


D 
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| Cer. It appears from the demonſtration that the exceſs of 5. x 4 : 


above 2 B is always equal to the ſum of the ſquares of the ditfe- 
rences of the quantities a, b, c, d, &c. that when the quantities 
a, b, c, d, &c. are all equal, then t x AN 2 B==o, and with this 
reſtriction the preceeding lemmata muſt be underſtood. 

Ic is to be obſerved, that thoꝰ we have ſuppoſed in theſe lemmata 
the quantities 4, b, c, d, &c. poſitive, they are a fortiori true of ne- 
gative quantities, whoſe ſquares are the ſame as if they were poſitive, 
while the ſum of their products is either the ſame, or leſs than it 
would be, were they all poſitive. 

Prop. I. In a quadratic æquation that has its roots real, the ſquare 


of the ſecond term muſt be always greater than the quadruple product | 


of the third and firſt terms. . 
Let the roots of the quadratie æquation be repreſented by 4. 4 and 
+b; and if x 25 unknown quantity, then ſhall x * = 


| __— 

Now ſince a 

„* +2 ab is greater than 44 b; therefore Y x x* the ſquare of the 

ſecond term, will be greater than 4 4+ x the quadruple product oft 

the firſt and third terms. n mon D T9219 5 
Prop. II. In any cubic æquation, all whoſe roots are real, the 

ſquare of the ſecond term is always greater than the triple product. 

of the firſt and chird. Ni 0997 n 

If the cubic æquation has all its Roots real, they may be repre- 


ſented with their Signs by a, b, c, and the æquation will be ex- 
preſſed thus: 9 - O ab * 


** - 4a W- TEZabT -ab O 
— bac : _ 
| -e +Fbcx - 
But by lemma 2, a + # + ©& is always greater than ab +ac+bc 
and conſequently adding 2 ab 124 +2 bc to both ſides, 


* +hÞr+e+2ab+2ac+2bc (=a+b+c) will be greater 


thin 3ab+3 ac +3bc; and therefore a + þ e x x muſt be 
-thin,zab+3ac+3bcxxi, that is, the ſquare of the ſecond term 
muſt be greater than the triple product of the firſt and third 
terms. "Y p | 
Coroll. I. In general, it appears from the demonſtration, that the 
ſquare of the ſum of three real quantities, @ Te is always greater 
than the triple ſum of all the products chat can be made by multi- 
plying any two of them into one another.. 
Coroll. II. It follows from the propoſition, that when the ſquare of 
the ſecond term is not greater than the triple product of the firſt and 
third terms, the roots of the æquation cannot be all real; but two 
of them muſt be impoſſible. And chis plainly coincides: with one part 
of Sir Iſaac Newton's rule __ diſcovering when the roots of, cubic 


_ . J 


& bis greater than 2ab by lemma 1, therefore a + _ 


æquations 


* | 
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æquations are impoſſible. He deſires us to write above the middle 
terms of the æquation the fractions +, 7 as in | W" 
the margin; and placing the Sign + under the „ e 4 


firſt and laſt term, he multiplies the ſquare of 14. 
the ſecond term by the fraction ; that is above 
it; and if the product is greater than the product of the adjacent 
terms, he places + under the ſecond term; but if that product is leſs, 
he places - under the ſecond term, and ſays there are as many im- 
poſſible roots as changes in the ſigns. Now by this propoſition, if 
x' is not greater than 3 q x*, or 4 p* greater than *, the roots 
cannot be all real. The ſame ſuppoſition makes two changes in the 
ſigns, whatever ſign you place under the third term, ſince the figns 
. under the firſt and laſt are both + ; and therefore this propoſition de- 
monſtrates the firſt part of Sir Iſaac Newton's rule, as far as it relates 
to cubic xquations. ; 17 "tt hangs 3% 4: 
Coroll. III. If the ſecond term is wanting in a cubic æquation, and 
the third is poſitive, two of the roots of the æquation muſt be im- | 
poſſible. For the ſar of the ſecond term (equal to nothing in this 
caſe) will be leſs than the triple product of the adjacent terms. But 
this will better appear from conſidering, that, when the ſecond term 
vaniſhes in an equation, the poſitive and riegative roots. are equal, 
and when added together, boy each other. Suppoſe the roots to | 
be +2 and —b—c;, then in this caſe a=+b +c, and the co- 1 
efficient of the third term will be — ab -A b e —˙ — 
2b - e- => c—&, and conſequently negative. Or, if 
you ſuppoſe two roots poſitive and one negative, let them be 
4 +b +c, then the coefficient of the third term will be ſtill 
85 2 5 — þ c — 46. Therefore when the roots are real, the coefficient 
| of the third term is negative; and if the coefficient of the third 


term is not affected with a negative ſign, it is a proof that two of 
5 the roots are impoſſible. 3 8 
5 Prop. III. In any cubic æquation, all whoſe roots are real, the 
ſquare of the third term muſt To greater than the triple product of 
the ſecond and fourth terms 
In the ſame cubic æquation, whoſe| Roots are 4, b, c, the ſquare of 


1 the third term is ah TAT Be, the product of the ſecond and fourth 
terms is 40 be AU c Tabe, as is plain from the inſpection of the 

equation; and it is obvious that a HAD Ae4is the ſum of 

the products of any two of the terms ab, ac, bc; and therefore by 

*coroll{1. prop. 2. the ſquare of the ſum of thefe terms, that is, 

Ira muſt be greater than 3 4 U + 3a#c +gach. | So 

} that ab+ ac +dc *x* mult be. greater than 3a*bc gabe +.3af e 


= chat is, the ſquare of the third term muſt be greater than the triple 
= product of the ſecond and fourth term. 


Coroll. 


Of Equations with impoſſible Roots. 
Coroll. I. It follows from the demonſtration, that aT F act Te 


3 fl. If he Gre of He cid 
If the ſquare of the third term is found to be leſs than 


the triple product of = ſecond and fourth terms, then the roots of - 


the equation cannot be all real quantities; and this coincides with 
the ſecond part of Sir Iſaac Newton's rule for finding when the roots 
of a cubic æquation are impoſſible. For this 
caſe gives — to be placed under the third „, Dp. 
term, and conſequently two changes of the 4 7 L= 
ſigns, whatever ſign is placed under the ſe- 
cond term. 

Schot. After the fame manner it may be demonſtrated, that in a 


cubic æquation whoſe roots are all real, if the ſecond term = | 


wanting, the cube of the third part of the third term taken 
tively, is always greater than the ſquare of half the laſt term. ap 
poſe that the roots of the equation are + 4, — b, — c, or —a, + 
+ , and that a =b + c, then the ſecond term in the equation will 
be wanting, and the other, terms will be expreſſed thus: 
* bh Tex 22 \ 
— be | 
n — 0 * 

The ſquare of ) — c is always poſitives ſince h and e are real - 

quantities. Suppoſe it ( viz. þ* — 2 b c + “) equal to D, then 


br + b e+ =D+ 336 and + 7 =Dx4bc. Therefore 


Dec =D! D' +D* be +DB &+Þ &, and þ* c * 
27 "its | wth 


= . . Now *tis obvious that = "+ = T Dee, +6* 3 


is greater than = 
tive, h and e being roots having the fame ſign. This exceſs is 


27 
the third term having its ſign chang'd (ES be = — ) always great - 
g 


er than the ſquare of half the laſt term 2 J, except - 


ing when Ye in which caſe they are equal. 24 


* „ 14 T , if ; be poſitive, or if it be negative and SL. 


be leſs than; Y, it appears that two Roots of the æquation muſt be 


impoſſible, from this corollary, and from cor.' 3. prop. 2. taken: 
together. 


3 Prop. 


4 ſince D is poſitive, and h c alſo poſi ; 


DI BTT F 4-4 be Therefore the cube of + of 
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Prop. IV. In a biquadratic — „ all whoſe roots are real 
quantities, 4 of the ſquare of the ſecond term is always greater than 
the product of the firſt and third terms 3 and; of the ſquare of the 
fourth term, is always greater than the product of the . and 
| fifth terms. 

: OE Let the zquation be x! — p x qe —rx+5=0; and ſince 
the roots are ſuppoſed to be all real, let them be repreſented. by 
a, b, c, d, then p=a-+b+c+4, P 
heb Sade 24 But it is plain from lemma 3, that 3a 351 +30 
pts or is greater than 2 ab +2ac 24d +2bc+42bd+2cd;, 

and conſequently by adtling 64b + 64+ 6ad + 6bc + 6bd 


4- Gd to both, we fhall find that 34 TT muſt be 
greater than 94% T8 % % 7% that is, 
3 Þ* greater than 8 3 and therefore + p? x* greater than &“. | 

2. Since r =abcabdchacd+Sbid, and 5s =abcd; 0 
ſince 9 is equal toad? od +a? bd at di be+b fad +0 at 
ac d ab, which are the products that can be made of any two of 
the quantities abc, 4b d, ac „bed, whoſe ſum is / multiplied by 


that 4 of either the ſquare of the ſecond term, or. of the ſquare of the 


fourth term, mult always be greater than the product of the terms 
adjacent to them. 


Cor.. Multiply either the ſquare of the ſecond term, or the ſquare of 


the fourth terry of a biquadratic æquation by 2, and if the product 


dogs not exceed roduct of the adjacent 3 ſome of the roots 
of that æquation =y be impoſſible. 

Prop. V. In an æquation of a - 4 dimenfion expreſſed by m, the 

coefficients of the ſecond, third, laſt, laſt but one, * laſt but two 

terms, being reſpectively 4 A, B, E, D, C, if the roots of the æquation 

are all real, then ſhall m— 1 XA always be greater than 2 1 Þ, and 

m — 1 x D; greater than2mCE. 


1. For ſuppoſing ling the roots to be 4 5. c, d, e, &c. then by Jemma 4, ſhall 


m—IX0 +m—1 1 — * * + m— 1 x c* &c, be greater than 2 ab + 
2ac + 2 4 d, Se. and adding 2m <2 kab + 2 m—2xac+ 
2m—2X ad, &c. to both, the Sum m — 1 I X 42 +F2m—2xab+ 
m—-1xhÞ +&c. (=m—1 xa Tc, c.“ n muſt be greater 
than 2mab+2mac+ .. &c. that is, m — 1 X A: muſt be 
en 2 7 B. 

In general, it follows fol this demonſtration that the ſquare of 
Mo ſam of any quantities, whoſe number is (n), multiplied by m— 1, 
muſt be greater than the ſum of all the products that can be made b 
multiplying any two of them together multiplied by 2 mn. Bur it is eaſy 


to ſee from the geneſis: of, xquations, that CE is the ſum of the 


3 can be made FRY — two of the terms whoſe 


. ſum 
* 


one * a At follows, that 3 r* is always greater than 8qs: ſo 


3 
[- 
6 
. 
9 
4% 
* 
Es 
8 
H 
I 
# 1 
1 
? 
by 
4 


2 
3 
x 

5 
43 
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L 
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8 
ſum is D: from which it follows that m nd muſt be always NE. 
greater than 2 1 CE. 2 


| | Fl; | 
IX. IN the year 1725 I wrote to you that I had a method of demon- Of 2: rows of 
I ſtrating Sir Iſaac Newton's rule concerning the impoſſible roots e by 
of æquations, deduced from this obvious principle, that the ſquares of owed _ 
the differences of real quantities mult always be poſitive ; and ſome %; . 408. 
time after I ſent you the firſt principles of that method, which were p- 59. March, 
publiſhed in the philoſophical tranſuctions for the month of May 1726. Kc 1729 » 
The deſign I have for ſome time had of publiſhing a treatiſe of Alge- Vid. 5. VIII. 
bra, where I propoſed to treat this and ſeveral other ſubjects in a new 
manner, made me think, it unneceſſury to ſend you the remaining part 
of that paper. But ſome reaſons have now determined me to ſend you - 
with the-continuation of my former method, a ſhort account of two 


other methods in which J have treated the ſame ſubject, and ſome obſer- 


vations on equations that I take to be new, and which will perhaps be 
more acceptable to you than what relates to the imaginary roots them- 
ſelves. Beſides Sir Iſaac Newton's rule, there ariſes from the followin 
eneral propoſitions a great variety of new rules, different from his, an 
rom any other hitherto publiſhed, for diſcovering whem̃ an equation has 
imaginary roots. I ſhall particularly explain one that is more uſeful for 
that purpoſe, chan any that have been hitherto publiſhed. 


Suppoſe there is an equation of () dimenſions of this fotm; 


* 


„ ATB 
0 n — Io RY ene. wo 
And that the roots of this equation axe, a, b, c, d, e, f, g, b, i, E, I, &c. 
then ſhall A =a+bþ +c+4 +e+f &c. and therefore I call a,b, c, 
d, e, f, &c. parts or terms of the coefficient A. For the ſame reaſon I 
call ab, ac, ad, ae, be, bd, c d, &c. parts or terms of the coefficient B; 


. 


4 be, ab d, a be, a c d, he d, &c. parts or terms of C; a ed, abe e 
ehe parts or terms of tfie coefficient D, and ſo on. By the dimen⸗ 


ſions of any coefficient, I mean the number of roots or factors that are 
multiplied into each other in its parts, Which is always equal to the 
number of terms in the equation that $9999 that coefficient. Thus 
A isa coefficient of one Dimenſion, B of two, C of: three, and ſo 
of the reſt. I call a part or term of a coefficient C ſimilar to a part; or 
term of any coefficient G, when the part of G involyes all the factors 
of the part of C: thus a H c, a he defy are ſimilar parts of C and 
G z Haſter the ſame manner a hed, a bede f are ſimilar parts of D 

and E, the part of F involving all the factors of the part of D. Thoſe 
I call diſſimilar parts that involve no common root or factor: 


dot or thus | 
a hc and def I are diſſimilar parts of the coefficients C and F. The 


ſum of all the products that can be made by multiply ing the parts 


of any coeffitient C by all the ſimilar parts of G, I expreſs by CG 
f placing 


* 


p Mets 


” + ” 
#+ - 2 
- 9 of 
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placing a ſmall line over each coefficient : after the ſame manner DP. F' 
expreſſes the ſum of all the products that can be made by — 
the ſimilar parts of D and F by each other; and C' x C! expreſſes the 
ſum of the ſquares of the parts of the coefficient C; but C! x C, ex- 
preſſes the ſum of the products that can be made by multiplying 2 
two parts of C by one another. Theſe expreſſions being underſtood, 


and the five propoſitions in + Phil. Tranſ. No 394, being premiſed, 


next follows 


Prop. VI. If the difference of the dimenſions of any two coefhi- 
cients C and G be called (m) then ſhall the product of theſe coet- 
ficients multiplied by one another be equal to C'G'+ m + 2 x B' H' 
+ SES + EE, ES, — 1x K. 

Where B and H are the coefficients adjacent to the coefficients C 
and G, A and I the coefficients adjacent to B and H, 1 and K the 
coefficients adjacent to A and I. | =”. 

It is known that C abe TADd Tape TAF Tag, &c. and 
G=abcdefg ＋abedefbrabedefi + bede fg b, &c. and 
H =abecdefghyabedefgi+bcdefghi&c: and it is manifeſt, 

1. That in the product C G each term of C' G! will ariſe once as 
aM *defg. But A | 


2. Any term of B! H/ as a* b* : de f g h may be the product of ab c, 


and ab de fg b, or of abdandabcefgh, or of abe and abe dg b, 


or of a lf and ab edeg b, or of a bg and a bed ef b, or laſtly, of a bb 
and alcde fg; ſo that it may be the product of any term of C that 
involves with 4 & one of the roots, c, d, e, f, g, b, multiplied by that 
term of G, which involves a b and the other five; that is, it may 


ariſe in the product C G as often as there are roots in a*Þ*cdefgb 


beſides à and , or in general, as often as there are units in the dif- 
ference of the dimenſions of B and H, that is, m + 2 times ; becauſe 
m expreſſes the difference of the dimenſions of C and G, and conſe- 


- quently in expreſſing the value of C G the coefficient of the ſecond 


rn DEED ans, or 23S x 244 


term BY H* muſt bem + 2. * : 
3. ay term of Al, as a* bcdefghi, may be the product of an 
part of C that involves the root a with any two of the reſt ö, c, d, e, f, 
22 b, i, (the number of which is the difference of the dimenſions of A 
and I, which is in general equal to m + 4) multiplied by the part of 
G that involves à and the other fix; and therefore a* bc defghi 
or any other term of A“ I' muſt ariſe as often as different products 
of two quantities can be taken from quantities whoſe number is m + 4, 


| - times, or — 1 - times; and 
conſequently in expreſſing the value of C G the coefficient of the third 


m + 
erm A/ I' muſt be —— RM 


* 


4. Any 


] 
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4. Any term of i Xx K as abcdef ghik, may be the product of 
any part of C that involves three of its factors, and of the part of 
G that involves the reſt, and therefore may ariſe in the product CG 
as often as different products of three quantities can be taken out of 


quantities whoſe number is m + 6, that is, mz + 6 x —＋ 5 * 2 _ 4 


\ 3 ; ; 
times, and therefore the coefficient of the fourth term in the value of \ 
CG ruſt be Ax 1 * — 3 
1 


In general, in expreſſing the value of the product of any two co- 
efficients C and G, if x expreſs the order of any term of this value 


as A“ I/, that is, the number of terms that precede it, the coefficient 
of that term muſt be 22.3.7 2x m=1, 2%» >m=2 
1 2 


&c. ta- 


king as many factors as there are units in K ; | | 
Coroll. I. If it is required to find by this propoſition the ſquare : 

of any coefficient E, then ſuppoſe m = o, the difference of the di- 

menſions of the coefficients in this caſe vaniſhing, and we ſhall have 


| 
E= EN EDF O A x4 x BH'&c. 
=E'x E'+2D'F!'+6C'G! 20 Bl H/ 70 A!1' + 252 K. 
1 Therefore if E“ x E, expreſs the ſum of the products of any two 
| parts of E multiplied by each other, we ſhall have E = EN E' + 


g 2 E'xF,, and therefore E“ x E, = D/ F! ＋3 CG ＋ 10 BH. 
35 A' +126 K. 


Coroll. II. It follows from this propoſition that "RS 
F*=E'xE/ +2D'F'+6C'G'+20 BH! + 70 ALL +252 K 


DF=- - - - - - D'F'+4C!/G!/+1;B/H 56 AI, +210 K 

CG= - „ - C'G'+ 6B'H' +28A'l ＋ 120 K | 
BH=.- - - © -.- “H 8A\V+ 45K 8 
AIS 


„ —¹b ood. ee —_Ss 
K 


Coroll. III. It eaſily appears by 
the laſt corollary, that | 
EF = EF-2DF-f2CG—2BH+ 2AI— 2K. 


- — — — _ — / = - - 


comparing the theorems given in 


D/ E, = - - DF—-4CG+9BH—16AI + 25 K 
CG = - --- - - CG=6BH+20AIl—50K 
B'B'= - - -- H 8AIL+35K 
Ai %% £7 "A Bw LH 


Prop. VII. Let! = * r Ke. taking as many ſokton 


. 1 rn 
as the coefficient E has dimenſions and — * E ſhall always exceed 


DF—-CG+BH—AI-+K when the roots of the equation are all” 
real quantities. TE f TIDY 15 


Vof. VI. Paar | 1 Fer 


— 
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For it is manifeſt that / expreſſes the number of parts or terms in the | 
coefficient E, and it is plain from propoſition V. I chat — — „E- muſt” 


always be greater than the ſum of the products that can be made by 
multiplying any two of the parts of E by each other, that is, than 
El x E,; but 2 Ex E, = E* — E'= (by the firſt theorem in the 
laſt corollary) 2DF —=2CG+#2BH—2Al+2 K, and therefore 


Gon 1—1 
ſince — x E* muſt always exceed E! E,, it follows that E 


muſt always be greater than DF =» CG + BH—AI +K when the 


roots of the equation are real quantities, 

Schol. In following my method this was the firſt general propoſition that 
preſented it ſelf. For having fir't obſerved, that if / expre ; the num- 
ber of any quantities, the ſquare of their ſum multiplied by 278 muſt 


always exceed the ſum of the products made by multiplying any two of 
them by each other; and that the exceſs was the ſum of the ſquares of 
the differences of the quantities divided by 20, it was eaſy to fee in the 


equation x" — A x. + By — Cx" *+ Dx * &c. =o. Since 


B is the ſum of the products of any two of the parts of A, that if I ex- 


preſſes the number of the roots of the equation, = x A* muſt al- 
ways exceed B; and this is one part of the 5th propoſition. In the next 
place I compared the ſum of the products of any two parts of B with 
AC, and found that it was not equal to AC, but to AC -D; from 
which I inferred, that if / expreſſes the number of the parts of B, then 


on B* muſt always exceed AC - D; and theſe eaſily ſuggeſted 


cis general propoſition. 


Prop. VIII. Let r expreſs the dimenſiong of the coefficient C, and 3 
the difference of the dimenſions of the 8 C and G, then B and 
H being coefficients adjacent to C and G, —r—x#£C'G! ſhall a- 
ways be greater than 5 + 1x5 + 2 x B/ H, when the roots of the 
equation are all real quantities affected with the ſame ſign . 

For taking the differentes of all thoſe parts of the coefficient C that 
are ſimilar in all their factors but one, as abc, a h b, abi, &c. and 
multiplying the ſquare of each difference by ſuch parts of the coefficient 
D (which is of 5 dimenſions) as are diſſimilar to both the parts of C in 
that difference, the ſum of all thoſe ſquares thus mul tplied, will conſiſt 
of terms of C. Gl taken poſitively, and of terms of BY H / taken nega- 

© 


7 This ſition being reſtricted to equations that have all their roots affected with 
the ſame fign, to avoid the trouble of making two caſes, the artthor conſiders all the 
parts of CG and B H' as poſitive quantities. . : . 


3 | | tively, 
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tively. By multiplying in this manner 1 rem 
+ abc —abkP &c. + abc—ach® +abc—acit + abc—ack|* 
&c. + abe—beb|* Pabe—beeF + abc —bekP &c. by de fg the 
term of D, that is diſſimilar to all thoſe parts of C, you\will find that 
a*b** de f g will ariſe in the ſum of the products r x y — 7 — times: 
for thoſe products may be alſo expreſſed thus, def g a* b: x © —b|* + 
=P + c— &c. + def g = 43 +3 = &c. + 
85 defg a xa — bl. Tai. + a — &|* &c. where the number of 
the differences c—b, -i, c —k, &c. whoſe ſquares are multiplied by 
de fg A i is maniſeſtly equal _ the number of the roots of the 
equation that do not enter 4. * *defgorabedefy, that is, to the 


exceſs of the number of the roots of the equation above — dimen- gf: 
ſions of abcdefg, a term of G, that is to a — . But in collect- 


ing all the ſaid products, a- K b* *d e f g mult ariſe as often as 
there are units in 7: becauſe the terms which are ſubtracted from a bc 
may differ from it in the root c, as 4 bb, abi, abk, &c. or in the 
root &, asach, 4b i, ack, &c. or in the root a, as bc b, bei, beck; 


that is, 1 e def g muſt ariſe as often as there are di- 
menſions in abc a term of C, or as often in general as there are units 
in r, which expreſſes the dimenſions of C: therefore the term 4 5* c* a* hf 


defy N in the ſum of the above mention'd products r X = 
The negative part muſt conſiſt of the terms of BH“ doubled; 

each of which, as 2 a* * c defig h may ariſe as often as there can he 

differences tae, c — e, C—f, -, d- e, &c. aſſumed amongſt 


the ming c, d, e, f, g, h whoſe number is equal to 2, that is, s +2 - 
S+1 


* times; and therefore a* ed efgh or any other part of 


BW * ariſe in the negative part 3 TI 7 S+2 2. times; and ſince 
the whole aggregate muſt be poſitive it follows u * ur Ci G' 
muſt always exceed 5s iT r 1x5 +2xB He. 

Coroll. 1 Suppoſe we are to compare E“ E the ſur mf the ſquares 
of the parts of E with D/ F! the ſum of the products 1 9 th the ſimilar 
parts of D and F; in this caſe 5 vaniſhes, and therefore I EN ELE“ 
muſt exeeed 2 D/ F.. Let n xf m and conſequently. 171 1 


R * 1 rn 555 =mn2nt 4; 


I=F=—=3Xr—3=m—3n+9; 1—=1—4 Xx r—4=m—4n+ - 16; 


Since it is plain that 2 - —q x -= X 12 ＋ 75 . 
Then by this Propoſition, ſuppoling 


” ; * 2 ä 3 * 


\ 
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mxE'E'— 2D/F!=0 ; 

m— +1 xD'F'—12C'G!=} DE + 
m — 2 +4 XC - 30 B“ H“ c. 
m—3n+9 „BTH! — 56A TT =d! 

mM—4n+16 x AI - OK S e! | 

The quantities a!, 5 dl, el, muſt be always poſitive when the 

roots of the equation a real quantities affected with the ſame ſign. 


The coefficients prefixed to the negative parts are the numbers 
2,12,30, 56,90 „ Whoſe differences equally increaſe IE the ſame 
number 8. 
Coroll. II. Suppoſing as before, that 1 — 7x n; and alſo that | 
mXm—n+1=m;mxm—2n+4=m"'; mxm—3n+9g 
5 == m'l! &c, it * be demonſtrated after the manner of this pro- ; 
Poſition, that i | 
| m mn EE-:2DF'= I 
ES | mEE\—2X* 1 | 
m“ F'El—2x12X30B' H' = jg” 
mi" E. E! —. 2 * 12 K 30 K 56 A'V = a" &x. 

Then ſhall. 4“, a”, a”, &c. be always poſitive when the roots are | 
real rm whether they be affected with the ſame, or with diffe- | 
rent ſigns The negative Coefficients ariſe by multiplying thoſe in the 
preceding Pony, to 12530, 3 by one another. 


Prop. Let a, &, c“, é, and m e reſs the fame quan- 
tities as in the corollaries of the laſt propoſition, and m E. — 


mn +ixDF=d'+V+2 ＋ 5 f. + 14%. 


hs 7 For by cor. ii. rop. vi. 
E=EE+2DF+4CG 20 B Hl. 50 + 252 K. 
and by the ſame | 


DF =--- Df Fi+4CG+ 15 B' H' +56A'Tl + k 
therefore mF - I 1X DF ME EA n- 1 * D F- 
| + DCG == 3X; BH + mn x 
| 14A TTA 5 * 42 K (by ſubſtituting ſucceſſively for 
„ E E, m—n+1xDF, a az TA CG, = g ν 
| 8 „B' H', „ - 4 ＋ 16 x A' I' their values deduced from the firſt 
corollary of the laſt propoſition) = 4 * 5 + 2c +5d'+ 14% 
5 where the coefficients prefixed to 4“, #', c', al, e, are the differences of 
| the coefficients of E- E;, D'F?, C G5, 5 H „ATI and K in the va- 
lues of E' and DF uten from cor. ii. prop. vi. being To, 2— , 
„ 20 — 15, 70 56 and 232 — 210. 
| = | . Car. Since rere „ee 
1 — 1 


7 n r 1 ; and conſequently —— 2 * E* muſt always be 
greater than DF the product of the coefficients adjacent to E, by 


4 


Ana e — 


1427 © 4-5 d 
R n e ry COLE NO 
T7.41xn—=r+n. 


that in Sir Iſaac Newton's rule are placed over the terms of the equa- 


tion, which multiplied by the ſquare of the terms under them, muſt 
always cxceed the products of the adjacent terms of the equation, 


the exceſs 


when the roots are real nnen ſor it is manifeſt that the fraction 


to be 2 over the term Ex according to that rule is the quo · 


tient of 2" divided by 1 
EY, r 


Prop. X. The ſame expreſſions being allowed as in the wake | 


propoſitions, it will be found in the ſame mafiner that as 


m—1n+1xDF—mn+2n+4,xkx*CG= - b'43+9gd'+284 
m—21n+4xCG—mS+31n+9xBH= = - C+;d +200 
m—Jn+gxBH—mFanFioxAl = - - - 1 ve 
m—4n+16xAlI—=mn+;n+25xK = »- - - - -- 4 


Theſe theorems are eaſily deduced from the theorems given in 2 
ſecond corollary of prop. vi. and the firſt corollary of the viii® 


poſition 3 and the Eo-efficients prefixed to al, b', c', al, ei, are the "Fe. | 


rences of the coefficients of the correſponding terms in the values of 
E', DF, CG, BH, AI and K in cor ii. prop. vi. 


Cor. Hence the products of any two coefficients, as DF and AI | 


may be compared together when the ſum of the dimenſions of 
D and F is equal to the ſum of the dimenſions of A and I. Let 
the yi yon of A and F be equal to s and m reſpectively, and 


& <= feod'1 "| 
let p. 


ors as there are units in the difference of the dimenſions of D and A. 
Letg = — . e 2— . — 


FD e taking as many fa- 
Cors as you took in the value of p. Then ſhall £ x DF always . 


ceed All vhen the roots of the equation are real quantities affected with 


the ſame ſign; and this rule obtains though the roots are affected 
with different The when the coefficients D and F are equal. 


Prop. XI. The ſame things being ſuppoſed as in the prevetling. 
propoſitions. Co _ 


1. E. - MI x 2 DF TTA 2CG—mn+9 * 

2B HTA Fibzxz2AlI—m+F2;x2K - - N 
2. re eee 12 

9 BH —- n- ＋ 1616 AI N- 25 * 25 K | 
3. i e 25 

20 AIT) 22 ＋T 25 οKi 2 


mE - IDF SAT- rae! ſo 5 


2 7 2 5 taking as many fa- 


8 
© + + > 
«% 23 x # 

4 r 
- 


TG is 
4 

* ö &- 
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7 ALICE Int; x35 Kd. 
G5. - „4 16 „ Al—n—jn+2;5*X 10 K .. 
Theſe theorems follow eaſily from the thied corollary of the vid 
propoſition. The firſt eaſily appears thus, a! =m EE —2 D/ Fr= 
(by that an mE —2 mDF4-2mCG—2nBH+:mAI—2mK. 
— 2DF+8 CG—-18BH +32AI—zoK. 
=nE-—-aTizx2DF +» +F4x2C0CG— m +9 x2BH-- 
m+i6x2AI—m+2;5x2K. The other theorems are deduced 


from the ſame corollary Ft with cor. i. prop. viii. 
Prop. XII. The ſame things being ſuppoſed as in the ſecond co. 
rollary of the viii propoſition. 5 


1. E I 2D FTA 3 8 
2BH4+mFi6x2AI—73 +25x2K - WE. 6.. 
2. 1 E. — 2m' . : 
DHA 240 x2 Ala —Foox2K - . 
3. E. — 2 m DF 2 CG — mn e e ns 

2BH+m'+360x8 x 2 Alm" 360 x 35 yu 
4. c er 


Al—n" D _— 
Sc. 


. Theſe theorems. follow. from the third ande of the vi pro- 


ſition compared with the ſecond corollary of the eighth propoſition. 
he firſt is the ſame with the firſt of the laſt 1 The ſe- 
cond is demonſtrated by ſubſtituting in m E 24 C'G' = 4 
The values of E' E' and C' G' given in the third cor. of the vi“ 
propoſition. The third is found by ſubſtituting in n E. E 2B! H? 
A“ the values of E' E' and B' H'; and by a like ſubſtitution 
theſe theorems may be continued. 

A general Coroll. From theſe propoſitions a great variety of rules 
may be deduced for diſcovering when an equation has imaginary 
roots. The foundation of Sir Iſaac Newton's rule is demonſtrated in 
the ninth propoſition, and its corollary. The ſeventh propoſition 


deus that if 2 * E* does not exceed DF — CG + BH— Al 


+K, ſome. of the roots of the equation muſt be imaginary ; and 
ſometimes this rule will diſcover impoſible roots in an equation, 
that do not appear by Sir Iſaac Newton's rule. Theſe are the on! 
two rules that have been hitherto publiſhed. But the rules that ariſe 
from the theorems in the eleventh and twelfth propoſitions are pre- 
ferable to both; becauſe any imaginary roots that can be diſcovered 
. the vii® or ich when the roots are affected with the ſame ſign, and 
when they are affected with different ſigns, always appear from 
the xi” and xii $I and ak roots will often be we 
co 


— 
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covered by the xi® and xii” propoſitions in an equation that do 
not appear in that equation when examined by the vii“ and ix” propo- 
ſitions. The advantage which the rules deduced from the xitb pro- 
poſition have above thoſe deduced from the preceding propoſitions 
will be manifeſted by conſidering, that in the xith propoſition we have 
the values of the quantities a., N, c', d,, “, ſeparately ; whereas in the 
preceding propoſitions we have only the values of certain aggre- 
gates of theſe quantities joined with the ſame ſigns. Now it is ob- 
vious that if theſe quantities be ſeparately found poſitive, any ſuch 
aggregates of them muſt be poſitive ; but theſe aggregates may be 
ſitive and yet ſome of the quantities 4, &, c', d, el, themſelves may 
be found negative: from which it follows, that if the roots of the 
equation are all affected with the ſame ſign, and no impoſſible roots 
appear by propoſition xith, none will appear by the preceding pro- 
poſitions; but that ſome imaginary roots may be diſcovered by pro- 
poſition xith, when none appear in the equation examined by the 
propoſitions that preceed the xith. If ſame of the roots of the equa- 
tion are poſitive, and ſome negative (which always eafily appears by 
conſidering the ſigns of the terms of the equation] then x i xiich pro- 
poſition will be in many caſes more apt to diſcover imaginary roots 
in an equation than thoſe that preceed it. a” 4 7 
The rule that flows from the firſt theorem of the xit® propoſition, 
obtains when the roots of the equation are affected with different 
figns, as well as when they all have the ſame ſign, and it is this; 
multiply the number of the terms in an equation that preceeds any 
term, as Ex by the number of terms that follow it in the ſame 
equation, and call the product . Suppoſe that + D, — C, ＋ B, 


— A, +1 are the coefficients preceeding the term Ex „ and that 
＋ F, — G, ＋ H, — I, ＋ K are the coefficients that follow it; then” 


if 2E. does not exceed m+1%DF—m F4xXxCG+m+9 x 
BH—n+16xAI+a+ 25 x K the equation muſt hive ſome 
imaginary roots; where the coefficients m ＋ 1, m +4, m +9, &c. 
fare found by adding to m the ſquares of the numbers 1, 2, 3, 4, &c. 


which ſhew the diſtances of the coefficients to which they are pre- 
fixed, from the coefficient E. The ſecond theorem of the xiitÞ pro- 


poſition ſhews, that if 2 m' E, does not exceed m! DF. = 13 

x CG * 72 BH -= 2 AI4 600 x K, the 

equation muſt have ſome roots imaginary. 
ts 


For an example, if the four roo of the biquadratie equation 
* — AN Bx— Cx+D =0 are real quantities, it will follow 


equally from the vi, viith, ixch, 5 xith propoſitions, that, * A? , 


1 N 1 — | muſt 


* 
£ * 
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= muſt be greater than B. and that- -C muſt exceed B D. . 


Sarther ſhews that —*-B* mult exceed A C D; the ixt demonſtrates 
that —= B' muſt exceed A C; but our rule deduced from prop. xi. 


ſhews t 2 BY muſt exceed 5AC—8D, the exceſs being a, and 


the rule deduced from the ſecond theorem of the xiith propoſition ſhews 
that B* muſt always exceed'2 AC + 4D, the exceſs being 4 /. It 


4 

appears from ſeveral preceding propoſitions, that if the roots of the 

equation have all the ſame ſign, then A C muſt exceed 16 D. Let the 

exceſſes g BB12AC+12D=p, 4B*=g9AC=gy, AC— 
16D=5; and it is plain that a (=4B* — 10 AC+ 16D) = q—5= 
2 | 


| . . 1 — 
| Ft; and that a“ = q + 5 =———x 2p +45. Let us ſup- 
_ LY 2 
I. That s is =. then it is manifeſt that if either p or q be nega- 
tive, a! muſt alſo be found negative, and conſequently that when the 
vii*h or ixth propoſitions ſhew any root» to > gi ary, the xith pro- 
| polition muſt, diſcover them at the ſame time. But as a! (= q—s = 
Ws | 2 27 9 may be found negative when 5 and g are both poſitive, 
- it follows that the rule we have deduced from the «ith propoſition may 
diſcover, ithaginary roots in an equation, that do no! apprar by the pre- 
ceding propdſitions. Thus if you examine the equation à — 6K £ 10 
| „* — 7x + 1\=0 by Sir Iſaac Newton's rule, or by our viith pro- 
AS poſition, no 1maginary roots appear in it from either. But ſince 


2B*—5A + 8D (=—a') = 200 —210 +8 =—2 is in 


* 
„ 


this equation negative, it is manifeſt that two roots of the equation 
muſt be imaginary. Let us ſuppoſe, 
2. That is negative, and that from the ſigns of the terms of the 
Equation it appears that ſome roots are poſitive, and ſome negative; 
then in order to ſec if the æquation has any imaginary roots, the moſt 
' uſeful rule is that which we deduced from the ſecond theorem of prop. 
| -xii. viz. that if B*does not exceed 2AC +4 D ſome of the roots of the 
æquation muſt be imaginary : for the exceſs of B' above 2 AC + 4D 
} 7 © 


being =—x q+5 = _ x 2p +45, and s being nega- 


— 


— ——— — 


tive, it is manifeſt, that if 7 or p be negative—— a“ muſt be nega- 
ive; and that—— a'! may be negative when g and 5 are both po- 


ſitive ; 


5 
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ſitive; that is, this rule muſt always diſcover ſome roots to be imagi- 
nary when the, viith or ixth propoſitions diſcover any impoſſible roots 
in an equation; and will 2 diſcover ſuch roots in an equa- 
tion, when theſe propoſitions diſcover none. For example, if you 


examine the equation xt +; x — 6 —x + 12 o, you will dif- 


cover no imaginary roots in it by the viith or ixth propofitions; and 
though AC — 16 D () be negative, it does not follow that che 
equation has any impoſſible roots becauſe-it appears from the figns 
of the terms that the equation has roots affected with different 
ſigns. | But ſince B. — 2 AC—4D (=36+10—48 =—2) is 


negative, it appears from our rule, that the equation muſt have ſome 


imaginary roots T. 5 
I might ſhew in the next place how the rules deduced from the 
xitb and xlith propoſitions may be extended fo as to diſcover when 


more than two roots of an equation are imaginary, and in general 


to determine the number of tmaginary roots in any equation 3 but 


as it would require a long diſcuſſion and ſome lemmata to demon- 


ſtrate this ſtrictly, I ſhall only obſerve that theſe xit® and xiith pro- 


+ This matter Od LOA elſewhere by the author thus. Let the biquadratic equa- 
tion x* _. Ax* + Bz* C + D = © be propoſed, and ſuppoſewe want to know if 
any of its roots are imaginary quantities. We are firſt to try if 3 A“ exceeds'8 B, and if 

C* exceeds 8B D; if either excels is found negative, ſome roots of the equation muſt 

imaginary. If both are poſitive, then his method directs to try if A C exceeds 16 D. 


If it does, then to try if 2 B* exceeds g AC 8D; and if this exceſs is found negative, 


to conclude the equation has impoflible roots: but if A C does not exceed 16 D, and the 
roots appear all to have the fame ſigne, then alſo to conclude that the equation has im- 
poſſible roots: and if AC does not exceed 16 D, and the roots have different ſigns, then 
to try if B* exceeds 2 AC 4-4 D; and if this exceſs is found negative, to conclude the 
equation has impoſſible roots. | It | | 
By Sir Iſaac Newton's rule, when all the roots of the biquadratic ion are real 
ntities, the exceſs of 4 B* above 9 A C mult be always pofitive. But this author finds 


rom the rules which he has drawn from the 11** and 125 propoſitions, that this exceſs 


is not only poſitive in that caſe, but is always greater than the exceſs of A C above 16 D, 
or of 16 D above AC; ſo that when the exceſs of 4 B* above 9 AC does not exceed the 


difference of A C and 16 D taken poſitively, we may be aſſured there are impoſſible roots 
in the equation. By the 7** prop. when the roots are all real quantities, the exceſs of 


5 B* above 12 AC - 12 D muſt always be poſitive. But a rules he draws from 
the 11 and 12" propoſitions, that exceſs is not only poſitive, but is always greater than 
half the exceſs of A C above 16 D, or twice the exceſs of 16 D above AC; fo that if it 
is not found ſo, we may conclude the equation has impoſſible roots, . 

In the ſame place he gives the following rule, which he prefers to this for diſcovering 
when a biquadratic equation, whoſe roots are affected with different ſigns, has imaginary 
roots. Let A, BandC ex the ſame quantities as before, only ſuppoſe D to be the 
laſt term of the equation taken always poſitively. Now, fince the roots are ſuppoſed to 
be affected with different figns, they are either two of each ſort ; or three of one ſort, and 
one of znother ; and which of theſe is the caſe, will appear from the changes of the fi 
in the given equation. In the firſt caſe, inſtead of trying according to his rules if 2 BY 
exceeds 5AC—8D, or 4 AC4+8D, you are to try if 2 B“ exceeds 5AC4-8D: 
in the ſecond caſe; try if 2 B. exceeds 5 AC ＋ 20 D; for if theſe exceſſes are not found 
poſitive in the reſpective caſes, you may ude that there are impoſlible roots in the 
equation. | * | . 
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poſitions will be found to be {till the moſt uſeful of all thoſe we 
"ave given for that purpoſe. To give one example of this; if 
we are to examine the equation * 4 4 * +644 —4atts 


| ne eee Jacki 
+ 5 = by Sir Ilaac Newton's rule, it is found to have four im- 


+ | 
 _  * poſſible roots when à is greater than h; for though the ſquare of 
_ the ſecond term multiplied by g be equal to the produkt of the 'firſt | 


and third terms, yet in that caſe, in applying Sir Iſaac Newton's - 
rule, the ſign — may be placed under the ſecond term, and the 
fame is to be ſaid of the ſquare of the fourth term. The rule de- 
duced from the viith propoſition ſhews four roots imaginary, when 
8 is greater than b, 1 alſo when is greater than 15 4; but a rule + 
founded on the xith propoſition , ſhews the four roots to be ima- 
ginary always when @ exceeds h, or when i exceeds 9 a*; from 
which the excellency of this rule above theſe two is manifeſt. I 
have ſaid ſo much of biquadratic equations, that I muſt leave it 
to thoſe. that are willing to take the trouble, to, make like remarks 
on the higher ſorts of equations. | 
In inveſtigating the preceding propoſitions, when I found my 
felf obliged to go through ſo intricate calculations, I often attempred 
to find ſome more eaſy way of treating this ſubject. The following 
was of conſiderable uſe to me, for by it, I inveſtigate ſome maxima 
in a very eaſy manner, that could not be demonſtrated in the common 
way with ſo little trouble, * 
5 * _ V. pe the —. AP be divided any where in P and 
e rectangle of the parts AP and ,_ port We 
PB will be Fon Warr. when theſe A | F 
parts are equal. 2 1 | 
This is manifeſt from the elements of Euclid. 


The rule which the author hints at here he has fince explained elſewhere thus: We 
are to find what ſigns are to be placed under the ſecond and fourth terms of the equation 
in the ſame manner as in Sir Iſaac Newton's rule. The fign ＋ is to be placed under the 
third term when the exceſs of twice B* above g AC - 8 D, or the exceſs of B* above 
2 AC + 4 is found poſitive; but — is to be placed under it when both theſe exceſſes 
are negative, and the fign 4- is to be placed under the firſt and laſt term, as in Sir Iſaac 
Newton's rule; and we are to conclude that there are as many impoſſible roots in the 
| 5 equation as there are, changes of the figns thus placed under the terms of the equation. 
= . | 5 In the example propoſed 'x* - + 64* x* —425* x ++ 64 =0 it appears 
1 * * | 
that 4B* —=9AC= 144," R = which is poſitive only when 4 is greater than * 
3. But in the fame example 2 3 — 5 AC 8 DS 72% — 804 4 . 8 
PE 
724 — 3 K 47 — P =8X94* =I KI, Which is poſitive eiter when 4 
exceeds 5, or when 6“ exceeds 9 a* ; for in the latter caſe 9 43 — 4* and-a* — 1 be- 
F come both negative, and therefore their product becomes poſitive ; from which, by this ol 
author's rule, it appears that the four roots are imaginary, either when « excceds 5, or 
when 5“ excceds 9 4“. | 
Lem. VI. 
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Lem. VI. If the line AB is divided into any number of pa 
AB, Cp, DE, EB, the product of all thoſe parts multiplied ako 
one another will be a maximum when the parts are equal amongſt 
themſelves. For let the point D be where you will, it is manifeſt 
that if DB be biſected in E, the praduct ACxCDxDE x EB 
will be greater than A C x CD x | 


De x eB, becauſe by the laſt ATE DEST 
lemma DE x EB is greater than 
De x eB; and for the ſame reaſon AD and CE mull be biſected 
in C and D; and conſequently all the parts AC, CD, DE, EB 
muſt be equal amongſt themſelves , that their product may be a 
maximum. 

Lem. VII. The ſum of the products that can be made by mul- 
. tiplying any two parts of A B by one another is a maximum when the 

rts are equal. The ſum of theſe products is ACXCB + CD x 
DB +DE «EB: now that DE x EB may be a maximum, DB 
muſt be biſected in E by the vi lemma, and for the me reaſon 
AD and CE muſt be biſcted in C and D; that is, al — — 
AC, CD, DE, EB muſt be equal, that the ſum of all theſe pro- 


ducts may be a maximum. - 
Lem. VIII, The ſum of the products of. any three parts of the 


line A B is a maximum, when all the parts are equal. For that ſum 


is ACXCDx DE +EBx AC4&CDFACxDE + CD*DE; 
and ſuppoſing the point E given, it is manifeſt that A E muſt be 


equally triſected in C and that Ac x CDA DE may be a 


maximum by lemma vi. and that AC Xx CD +'AC x DE 
+ CD x DE may be a maximum by lemma vii. From which it is 
manifeſt that all the parts AC, CD, DE, EB muſt be equal, 
that the ſum 'of the products of any three of chem may. be a 
maximum. 

Len. IX. It is manifeſt that this way of reaſoning is general, and 
that 'the ſum of any q uantities being giyen, the ſum of all the pro- 
ducts that can be Nb y multiplying any given number of them 
one another, muſt be a maximum when theſe quantities are eq 


But the ſum of the ſquares, or of any pure powers of theſe quan- 
tities, is a minimum, when the quantities are equal. 


Theor. Suppoſe x AR ＋ BE Ca"? + Dat — 


Ex c&c. o, to be an æquation Mat not all its roots equal 
to one another: Let r expreſs the dimenſions of any coefficient D, 


and let In —— 1 7 &c. taking as many factors 
- ? f 


as there are units in 7; then ſhall — * A be always greater than * 


lg 7 : | D, a 
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D, if the roots of the æquation are real affected with the 


ſame ſign. 


| 
This may be demonſtrated from the preceding propofitions : _ 
to demonſtrate it from the laſt lemmata, let us aſſume an equation. 
that has all its roots equal to one another, and the ſum of all its 
roots equal to A, the ſum of the roots of the propoſed r 


— 


Na. 
So, or *— Ax + 2 * 


This zquation will be x — * A 


2 11 A* 22 21 HH — 2 A fin} 


| X — x _ 4 X X—.x &c. =0 
5 7 5 2 3 * 7 HY and 


if r expreſs the dimenſions of the coefficient of any term of this 


#quation (or the number of terms which precede it) it is manifeſt 
that che term it ſef will be i „ But. by the ſuppoſition 


Dx is the correſponding term in the propoſed æquation, and D 
muſt be*the ſum of all the products that can be made by mul- 
tiplying as many roots of that æquation by one another, as there are 
units in 73 and = muſt be the ſum of the like products of the 
rgots of the other æquation; which muſt be the greater quantity by 


the precedin lemmata, becauſe its roots are equal amongſt them- 
ſelves, and their ſum is equal to the ſum of the roots of the pro- 


poſed xquation 3. and the ſum of ſuch products is a maximum when 
the roots are equal amongſt themſelves. By purſuing this method, 


it may be demonſtrated that . muſt always exceed the co- 


Xn 1 8 
efficient prefixed to the term in an zquation whoſe roots are all 
real quantities affected with the ſame fign; providing that 7 be a 


| 3 bo 
number greater than 2 3 and alſo that 8 7 muſt ex- 


een 
ceed the fame coefficient, if v be any number greater than 3. 
It is caſy to continue theſe theorems. | 
The third method which I mentioned in the beginning of this let- 


ter, is deduced from the conſideration of the limits of the roots of 


Equations 3 and though it is explained by ſome authors already, yet 
as I demonſtrate and apply it to this ſubje& in a different manner, I 


hall add a ſhort account of it. 
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Lem. X. If you transform the biquadratic * — Ax + B — 
Cx TD o into one that ſhall have each of its roots leſs than 
the reſpective values of x by a given difference e; ſuppoſe y = x e 


or x =e +y and the transformed equation, the order of the terms 
being, inverted, will have this form. g 


„r 40% T 62) +4245 +y=0. 
— A —3 AY 3 AT- AN ha 


+ Be +2Bey+S B f | \ 
— Ce — r : 
+D | 


Where it is manifeſt, | gen eder 

1. That the firſt term “ A +BE— Ce is the quantity 
that ariſes by ſubſtituting e in place of x in the propoſed æquation 
* — ANY B- Cx D. | 

2. That the coefficient of the ſecond term 4. —= 2 Af + 2 Be—C 
is the quantity that ariſes by multiplying each part of the firſt | 
& — Af +B&E—Ce+D by the index of e in that part, and 
4 dividing the product by e. * , 
N 3. That the coefficient of the third term 6 -g ATB is the 
quantity that ariſes from the preceding coefficient 4 — 3 Ae + 
2 Be — C by multiplying each part by the index of e in it, and di- 
viding the product by 2 e. 2 

4. That the coefficient of the fourth ariſes in like manner 
from the preceding, only you now divide by 3 e; and in , 
the coefficient of any term may be deduced from the coefficient of 
that. term which precedes-it, by 1 each part of the 
preceding coefficient by the index of e in that part, and dividing the 
5 by e and by the index of 5, in the term whoſe coefficient is 


Len. XI. If any equation AE TBZ — Cx. | &c. 
= © be transformed in the ſame manner, by ſuppoſing y =ex—eorx#= 
e+y, and conſequently * =eT) > Ax AN „ 


* 


=Bxe+ 1 &c. The transformed æquation will have this form, 


the order of the terms being inverted, _ | 
e+n n M &c. = © \ | 
. * > 6099-5 m—z — 7 -- 7 „Mc. 


— 1 — IX Ae y—n—I1x— XK Ae 
+Be 4722 Be 'y+ 22 —3xB y be, 

— Ci FE x Coy = c . 
&c. &c, &c, | | 

| | 3 | Where 
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Where it is manifeſt, 


1. That the firſt term „ Ae Be — Ce Kc. is the 
quantity that ariſes by ſubſtituting e in the place of x in the propoſed 
equation x — AF +HBx—- -CH &c. 


— | — — —2 


2. That the coefficient of the ſecond term ne —n—1ixAe + 


P92 X Be 3 x Ce" * &c. is deduced from the prece- 


ding “ — A c. by 1 each of 


its parts by the index of e in that part, and dividing -; e. 
3. That the coefficient of the third term is deduced from the coeffi- 
cient of the ſecond term, by multiplying after the ſame manner each of 


its parts by the index of e, and dividing by 2 e. In general, the co- 


efficient of any term / is deduced from the coefficient of the preceding 
term, that is, of y by multiply ing every part of that coefficient by 
the index of e in it, and dividing the product by e. 

Lem. XII. If you ſubſtitute any two quantities K and L in the place 
of x in & — AN TB Cx ＋ D, and the quantities that reſult 
from theſe ſubſtitutions be affected with contrary ſigns, the quantities 
K and L muſt be limits of one or more real roots of the æquation &: 
Au +B-*—Cx+D=o0o. That is, one of theſe quantities muſt be 
greater, and the other leſs than one or more roots of that æquation. 

For if you ſuppoſe that a, b, c, d, are the roots of that equation, 


then it is plain from the geneſis of æquations, that x* — Ax + B & — 


Cx+D=I—axx—=Fxx—cxx—4d; and therefore K and L 


being ſubſtitured for x in T A x x—Þ x x—T7 x x =, the pro- 
duct becomes in the one caſe poſitive, and in the other negative; ſo 


that one of the factors x a, x —b, x c, x d, muſt have a ſign 
when K is ſubſtituted for x in it, contrary to the ſign which it is affect- 
ed with when L is ſubſtituted in it for x : ſuppoſe that factor to be 


.x—b, and ſince K - and L + are quantities, whereof the one is 


poſitive, and the other negative, it is manifeſt that h, one of the roots 
of the æquation, muſt be leſs than one, and greater than the other of 
the two quantities K and L; ſo that K and 1 muſt be the limits of 
the root b. 1 vat | 

I fay further, that the root whereof K and L are limits, muſt be a 
real root of the æquation; for the product of the factors that involve 
impoſſible roots in an æquation, can never have its ſigns changed by 
ſubſtituting any real quantity whatſoever in place of x; becauſe the 


number of ſuch. roots is always an even number, and the product of 
any two of theſe roots ſuch as x — m —v/ , and x - E= 
is i n which muſt be always poſitive, whatever quantity be 
ſubſtituted for x, while x remains poſitive, that is, while-theſe two roots 
are impoſſible.” > . NE 
2 N | Lem. XIII 
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Lem. XIII. If you ſubſtitute K ant L for x in K — AA + 
Bx"— &c. and the quantities that reſult be affected with contrary ſigns, 
then ſhall K and UL be the limits of one or more real roots of the æqua- 
tion x" AN + Bx—* &c. = ©. This may be demonſtrated 
after the ſame manner as the laſt lemma. | 

Thecr. I. If a, b, c, d are the roots of the zquation x! — A x* + 
Bi —Cx +D =o, they ſhall be the limits of the roots of the 
equation 4 g AN +2Bx—C=o. | | 

Suppoſe @ to be the leaſt root of the biquadratic * - A + 
BX - Cx ＋D S o, 5 the ſecond root, c the third, and d the 
fourth, and the values of y in the æquation in the xch lemma, will 
be a — e, b—e, c e, d- e; then by ſubſtituting ſucceſſively 
a, b, c, d for e in that æquation of , one of the values of y will va- 
niſh in every ſubſtitution, and the firſt term of the æquation of 
y, viz, &— A BE Ce + D vaniſhing, the æquation will be 
reduced to a cubic of this form. | 

4 + bey+4ey TY SO 
3A 3AT h - Ay 
+2Be + By | 
— C 15 
And conſequently 4% —3A & + 2 Be—C muſt be the product 
of the three remaining values of y having its ſign changed ; that is, 


it muſt be equal to —b—axc—4a xd— a when e is ſuppoſed equal 


to a, it muſt be =a—bxc—bxd—bwhene=+; it muſt be 
elend when e c and it muſt be = 4 —=7x N= 
„cd when c = d. Now it is manifeſt that theſe products 
b—axc—arnd—a, a—bxc—bx db, = Ne x Ar 
a A An muſt be affected with the ſigns +, =, +, — 
reſpectively; the firſt being the product of three poſitive quan- 


rities, the ſecond the product of one negative and two poſitives, the 


third the product of two negatives and one poſitive, and the fourth 
the product of three negatives. Therefore ſince by ſubſtituting 
a, b, c, d for e in the quantity 4% —3A&f + 2Be — C, it be- 
comes alternately a poſitive and a negative quantity, it follows from 
the laſt lemma that a, b, c, d muſt be the limits of the roots of the 
æquation 4  —3A& +2Be—C=o, or of the æquation 4 — 
3 A&R +2Bx—C=o, a 
Cor. It follows from this theorem, that if a“, W, and cꝰ are the three roots 
of the æquation 4* - Ax*+2Bx—C=o0, they muſt be li- 
mits betwixt a, b, c, d the roots of the biquadratic & —A x* + B — 
Cx+D=o0: for if a,b, c, d are limits of the roots 40, U, and /; 
theſe roots converſely muſt be limits betwixt a, b, c and A, 


Ther. U. 


12 


* 
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Theor. II. Multiply the terms of any biquadratic x* — Ax* +B x — 
Cx + D =o by any arithmetical ſeries of quantities / + 4 m, I 3 m, 
1+2m, I n, |, and the roots of the biquadratic a, b, c, d, will be 
the limits of the roots of the æquation that reſults from chat multipli- 
cation, that is of the æquation 


Ix*—= IA + IBx* — IC «x +1D=0 
S4amext—3mAzs+2mBxt — mCx. 


Suppoſe that ſubſtituting the rodts a, b, c, d, of the biquadratic 
zquation'x*— A x* + Bx*— Cx +D =0 ſucceſſively, for æ in 4 45 
z AY BN C. the quantities that reſult are — R, A S, — T, 

+ Z; while „ — AN + B*—Cx+D is in every ſubſtitution 

equal to nothing; and it is manifeſt that the quantity 

© tle TAC +IB£—ICx+ID 

+ An = N L2 nB -M C ä 

will become (when a, b, c, d are ſubſtituted ſucceſſively in it for x) 

equal to M Rx, EN S&K, —mTx, NZ x; where the ſigns of 
theſe quantities being alternately negative and poſitive, it follow 

that a, b, e, d muſt be limits of that zquation by lemma xii. ha 

Cor. Hence it follows, that a, b, c and d are limits of the roots 

of the cubic æquation A* - 2 BK ＋ 3 C 4 Do, and con- 
verſely, that the roots of this cubic are limits of the roots of 
the biquadratic æquation & AN +B-*—Cx + D=o, for 
multiplying the terms of this biquadratic æquation by the arith- 
metical progreſſion, 0,— 1, — 2, — 3, —4, the cubic Ax — 2B ** 
+3Cs—AD o ariſes. | . 1 


Theor. III. In general, the roots of the æquation DEST 


B — Cx &c. o, are the limits of the roots of the 
: — | . Ln 
equation nx — W IXA« + x3—2xBx Kc. =o, or 
of any æquation that is deduced from it hy multiplying its terms by 
any arithmetical progreſſion / d, II 2 d, h4+- 3 d &c. and con- 
verſely the roots of this new æquation will be the limits of the roots 


of the propoſed æquation Ae '+ B x—* &c. =o. 


This theorem is demonſtrated from the xi“ and xiii® lemmata 


in the ſame manner as the preceding theorems were demonſtrated from 
the x and xii”. From theſe theorems it is eaſy to infer all that is 


delivered by the writers of algebra on this ſubject. 
Theor. IV. The zquation E ont tet 


&c. = © will have as many imaginary roots as the æquation 
BYE | — Hz 22 | 
Az — 1 IX As — 1 — 2 x Bx &c. = o, for the 


æquation A * —2 Bx ＋30C „* Kc. =0. 
335 06. bt | 


1 
» 


Suppoſe 


Cn, I, Of de Roots of Afquation 


Suppoſe that wr root of the zquation in "$1 KA 


+ B ? &c. re and the 


1 


two roots of the æquation x* — As 4 By * &c.=0, which 
dy theorem III. ght to be its limits, cannot both be real quan- 


tities; for it is from the demonſtration of theorem I. that if 


they are real quantities, then *. ſubſticuted for in # x 


—— x AK +5 xBs * &c: the quantities that re- 


ſult muſt have contrary ſigns, and conſequently the root 2 whereof 
they are limits, muſt de a real root; which ; is againſt the ſuppoſition. 


— 
The ſame is true of the æquation A & — = + 3 el 
&c. o, for the ſame reaſon. 

Cor. The biquadratic x* — AN + B x* —Cx+D=0, will 
have two 1 roots, if two roots of the zquation 4 x* — 3 A x* 


+2Bx—C=0o be imaginary; or if two roots of the zquation 


Au —2Bx* + 3Cx—4D=0 be imaginary. But two roots 
of £98 GE 40 —3Ax +2Bx—C=o muſt be imaginary, 
when two roots of the 1 6 x* —3 Ax+B=0, or of 
the quadratic 3 A* —4Bx +3C=0o are i » becauſe 
the roots of theſe quadratic æquations are the limits of - roots. of 
that cubic, by' third theorem; and for the ſame reaſon two 
roots of the cubic. æquation A & r 


muſt be imaginary, when, the rao, of 98. Ina tic 3 A —4Bs 


Co, or of the quadratic B* - 3 CA 6D So are im- 
polliole Therefore two roots of the biquadratic x*—= A x + B x* 
— Cx +D=0o muſt be i when the roots of any one of 
theſe three quadratic æquations 6*— 3Az+B=0, 34 


eien B* — eee 
—A* is ls than B. 5 Þ lef than AC, or c. 


that is, when 
leſs than B D. 


Cor. II. By proceeding in the ſame manner you may! deduce 


from any æquation x — A yr 5 x — Cx Ke. D o 
as many quadratic æquations as there are terms, the firſt 
and lat, whoſe roots muſt be all real quantities, ry em 
æquation has no Imaginary — The e deduced from 


the three firſt terms - — Ax + Bx” vill manifeſtly have 
this form, 1X I XK 71 —2 417 — 3 &c. * — 1} n 


Xn—3Xp=— 4 &c. xAxz+n—2xn—3 X73 —4*xn—5 &c. 
x B = o, continuing the factors in each till you have as many as there 


are units in 1 — 2. Then dividing the æquation by all the factors 


Vol. VI. Pax r I. L 1 2, 


+ 


73 
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1 — 2, 1 — 3 &. which a are ug in, each coefficient, the qua- 
tion will become 111 4 — —1 X2 Ax ＋ 2X1 2x 1xB=6, 
whoſe roots will be im err by prop. 1. . 1 x24 B 
exceeds =. * 4A“, „or when B exceeds — A“, ſo that the 
propoſed quation muſt have ſome imaginary roots, when B exceeds | 
| =, as we demonſtrated after another manner i in the 1 pro- 
Nets. The ane zquation deduced | in the — ener from 


the three firſt terms of the 2guation A2 — 2 B* e 
Sc. = 0, r x A x*, 


1 


— 
n — 2 * 3 RK 4 &c. * 2Bx - —3 * —4 * [ 
„4 C = 0,3 which by diziding . by _t e (Ae common to all the 
terms, is reduced to n 1 1 — 2 K AR * * 1 


60e, whoſe roots mult be imaginary when, 3. * 72 * BY lis 


1c chan AC; an therefore in ths caſe fore 7 roots of the propoſe 
en. caſt be 1 Imaginary. e 


xe ifs TY ang * — a 


Cor. III. In general, let D* r 1 4 


any three rerms'of the equation, 'x b 42 cc So, 


| that immedia * follow' one oh muktiphy the terms of this 

4 * vation zrſt t by che p N 1 — 1, n= 2, bc; then by the 
progreſſion 1 — 1, 1 — = c. then by n — 2, 1 3, 

1 4, Kc. till you Tae mläpſtel tor many. progreſſions as there 

rte units in #—r—1: then multiply the terms of the æquation 

that ariſes, as often by the progreſſion o, 1, 2, 3 &c. as there are 

units in 7 — 1, and you; 2 at length A at a quadratic of 


$4 &Þ 44414 


this form, 
| ———— — 
e be. x FT 
XT—2Xr—3Xr—4 &c. Rec | "5 Y 


2 — = 1 — 7 — 2 = —3 &c. 
— — — — " 
— 3 A xEx. "WE * 
ID r = Ai r = &e. 90 
xr+1Xrxr—1ixr—2 &c. „F 7 

and dividing by the factors 1 —7— 1, 1 — 7 —2, &c. and. — 
712, &c. which are f found in each coefficient, chi æguation Will 
de reduced * ri X A ain = * D* e R AN 
* DTT nr Cx n e 


13 a* 
4 of 


Wd 


cu I Of the Riots of ABquations 


2 Ex A 2 K 1 * 1 SS: 2 whoſe roots'mufte be inngzitmry 
et of 


(by prop. i.) 1 D - x E' is les than DF. From 


which it is mani that if 10 ai each term of this ſeries of 


Land — als (+ 8 = * 
fractions — , a — — x 2, &c. — — — Y 


1 i 1 
that which 1 it, 0 1 place by quotients above the terms of the 


æquation x — A B C &c. = oz, beginning 
with the ſecond: then if the ſquare of any term multiplied by the 
fraction over it be found leſs, than the product of. the adjacent terms, 
ſome of the roots of that æquation muſt be imaginary quantities. 


There remain things that might be added on this ſubject, but I 
am afraid you _ 


and theorems that are very eaſily deduced from the xi lemma. 


I. The rule for diſcovering when two or more roots of an æquation 


are equal, immediately follows - from | that. lemma, ſuppoſe that two 


x Wa ef * LE, 


roots. of n +Bx.....-Cx- &. =o 


are equal, and two values of y (Which is equal always to x — e) Jill 
be equal. Suppoſe that e is — — to one of thoſe two equal values 
of x; and two values, of y willlvaniſn, and conſequently j* muſt-enter 
each of the terms of the #quation of ; and therefore in this caſe the 
firſt * RRP e UF, the quatlen of 5 in lemma xith muſt vaniſh, 


that) is, : 1223 + Be: A ET rigs ed &c, =0 a0 | 


2 ' Sia; 


— 1 x Ae. HIST x BE an; NY oP th K =0 
at the ſame” time; and” conf — uently theſe two æquations muſt have 
one root common, which mu 


be one of thoſe values of x that were 


ſuppoſed equal to ach other. It ãs manifeſt; therefore that when ltwo 
e: 10 


values ef Ait equal i the gd 4 Ne 
og. of a 


4 1 
OP) »-) s 4 


If three value of & be en 1 A meme © _ 


to e, then three values of „ will vaniſh,” andi the firſt 


three terms of the æquation of y in lemma xi. will A and 


kde ige e X 11 — 2 AT + F=7 x 
| > its 2 2—4 Ne 

Song © Be Kc. Sor Mer mechal values of » will be 

3 2 a root 


9 


: — 
Ws . 


think I hate Cod as much of it as it deſerves; and 
therefore I "ſhall only add the demonſtration of ſome algebraic rules - 


75 


* 
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2 root of this laſt _=quation, and two of them will be roots of the 
4 2—1 — —32 — —3 

quation 7 x — y—1XAx + 2 — 2 Bx &c..= 0, 

In general, it appears that if the æquation „ AR 1B * 
5 & c. o have as many roots equal amongſt themſelves as there are 
units in 8, then ſhall as many of thoſe be roots of the æquation * 
— I „ As 172 * BN &c. = 0 as there are units 
inS—1; as many of them ſhall be roots of the æquation 


— f—_— — — 2 — —— — 
A Xn IX VM „ xn — 2 Xx Ax 22K 3 „ 
B &c. So, as there are units in 8 — 2; and ſo on. 


. II. The general rule which Sir Iſaac Newton has given in the article 
de limitibus æquationum for finding a limit greater than any of the 
values of x immediately follows from the xi“ lemma; for it is ma- 
nifeſt that if e be ſuch a quantity as ſubſtituted in all the coefficientg 


of the æquation of y, viz. in A K. „ 
3 — * * — 
821 RA T —- 2x 3223 &c. 2% — — X 2 


A= 12 B &c. gives the quan- 
tities that reſult all poſitive ; then there being no changes of the 
figns of the æquation of y.in this caſe, all its values muſt be nega- 
tive; and ſince y is always equal to x — e, it follows that e muſt be 
a greater quantity than any of the values of x ; that is, it muſt be a 
B limit greater than any of the roots of the zquation -A 4 
BE &c. O. e «4 50 
III. From this xis lemma ſome important theorems in the method 
of ſeries, and of fluxions, and the reſolution of æquations are de- 
monſtrated with great facility z it is obvious that coefficient of 
the ſecond term of the æquation of y in that lemma is the fluxion of 
the firſt term divided by the fluxion of e; the coefficient of the third 
term is the ſecond fluxion of that firſt term divided by 22; ſuppo- 
ſing e to flow uniformly. The third term is the third fluxion of the 
firſt term divided by 2 x 37; and ſo on. Therefore ſuppoſing 


Ar -+Be ec. ec, the æquation for determining 


— 


o 


— — — 


N . = 6 4 8 
2 0 0 ; al — 
vin be cf N So; and hencey 
| | when 


* 


CHAT. I. Of the Roots 'of Equations. 79 
when e is near the true value of x, theorems may be deduced. for | 
1 to y, and conſequently to x, which 1s ſuppoſed equal 


to 

ivy Let AP(=x) be the abſciſs and PM (zz) the ordinate pj, .. 
of any curve BLM; and ſuppoſe ee ui ; 
ordinate K L = c, then all» (=PM) = 77 2 * + 

2 7 : | - 
2X3 Sar tomy 6c | N / 


For let z be ſuppoſed wal to any ſeries conſiſting of given | 
Fre and the powers of x, as to Ax + By + Cop &c. and 


ubſtituting e 5 r 5, we hal Gnd abe, the manner of the x7 
lemma, 


AfA, 4 „ File: 


+BeErBe” B x &c. b 


cr 5 * 1 . 5 &c. 


| | &c. &c. - &c. 
But when x = e then z =c = Ao + Be + Co c. 


JonT 


vA 2＋ 7B. 1 Ce e & = e I A 
SECS? if $a | F Co, <0 and there- 


fore z =e F RN + r. After the ſame man- 


2 


ner you will find chat c = 2 4 77 + —=+ THT r. for 


t Ac +Be + ce. = A STEW TBN ＋ , . 
&, = 2 + Zy + 2 1 be: The area KLM N 
che fluent of z or of , but 


„ ibn Jt = 7 bee. 


and z c Þ Di Tur J rr uri e. 
And conſequently oy ag th ens | 


hg 


KLM 
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8 10 4 . 76 
| pl, 99 06h + e 2036 902 | 
Ot A 3 EE aa 


2 


| a | 2 [A 1 
eK LN U e e. 
8 This haſt is the Theorem publiſhed by the learned Mr. Bernouilli 


in the Acta Lipfiz 1694. 


To determine X. Lem. 1. IN every adfected quadratic equation a * —- B + A =0 
the number of whoſe roots. are real, a fourth part of the, ſquare of the 
impoſſible roots efficient of the ſecond term is greater than the 5 under the co- 
| 4 _ By efficient of the firſt term and the abſolute number, or + B* >a X A; and - 
. Camp- vice vers4 if : R' be greater than a x A, the roots of the æquation a & — 
bell. v. 404%. Bx+ A =o will be real. But if 5 B* be leſs than @ x A the roots will 
15s. be impoſſible. Mo ECT 


K GG. 1 a | "A : 
This is evident from the roots of the equation being 


v Þ 


7 
0 


FB +ViPF—axA tB=vViB —axA. 


” 


3 4 * 

Lem. 2. Whatever be the number of impoſſible roots in the æqua- 

* —1 2 2 
tion x — B C —&. e Tb TA o, there 
i 1 „ 1 „—2 EVE 
are juſt as many in the æquation Ax - b e — Kc. 
C TBKI. = o. For the ot of the laſt æquation are the re- 
ciprocals of thoſe of the firſt, as is evident from common algebra. Let 
the roots of the biquadratic æquation - B π C ** D + 


o be a, b, c, d, whereof let c, d be impoſſible, then the roots of the 


æquation Ax —Dx'+C x —Bu+1 = o will be 2 75 — > and 


= 


therefore two of them impoſſible, to RET To. 
r oe Tires oe © oo r I 200 119 BOY TIS 
3 45 9 X 4 ———_— N 4 A » . 8 I 2 | 
rr By +. Gu. + Ds / + 
Rd TORI ESTPEE 2 702 2 SY | | 
= Ex —c.+ex dx Tex bx + Ao all whoſe roots are 
8 real, if each term Be multiplied by the index of * 


| in that term (and 
therefore the abſolute number A by o) and each product be Aided b oy 6 


. . . 21 0 
en the reſulting zquation a -I Br +17 C. 


8 7 * 


31 n 5 ph 
— 3 Dx 4. 1—4 EXT — &c. K 4e Y 3 dx 4 2 e T b 
= © (which in reſpect of the equation y — B * ö c &c. 
Te x ba Ago is called the zquation of limits) ſhall- e;allics 
roots real. Thus if all the r6ot9'dF the ®qttion x4 BA TLC 
D x + Ao be real, then all the roots of its æquation of limits 4 x* 
| BY rz o vill aſſo be real. 2 t 


This 


. 


Cnar. [. N in adfefed Equations. «I 


T his lemma doth not hold converſiy, for there are an infinity of caſes bi - 


— Poa 2 
where all the roofs of the xquation of limits nx — 2 1 BN + 


1=2 Cx —&c. z c FD o, are real, ar the ſams (ine 


ſome or perhaps all the of the æquation Kr. Ca. 
— &c. & AS o are n but whatever be the num- 


— 1 


— - Racy — 
ber of impoſſible roots in the æquation nx — 1 Bx, ＋—2 
Cee. aer o there are at leaſt as many in the \ 


. + Cx &c. Ter TA A =0. Thus | 
all the roots of the æquation A* —-3BifF2 Cx =D = of may be 

real, and yet two or perhaps all the four roots of the æquation „- Bx 
+ Cx: —D x Ao may be impoſſible, but if two of the roots of f 
the æquation 4 — 3Bx*+ 2Cx—D=o0 be im ſible, there muſt 
be at leaſt two impoſſible roots m the equation x4 —B 4+ Co —Dx- 

+ A =0. 1 

All this hath been demonſtrited by alg 3 writers, particularly 


by Mr. Reyneau th his Analyſe Demonttee, wy is . out by 
the method of the maxima and minima. 


Cor. Let each tem t 2 of 2 12 — . = B * 


* c * — 13 DE gf 14 Ex —— F x 


+ &c: T F AA Fade AE TI multiply'd hy 
: the ** of x in that term, and each product be Pal way x, the re- 


—— — OO 


ans æquatien 5 —1x —#i=1%1n=2Bx ++ 72 x 
12 3 C * e 11 5E. == 
9 ee T0 12 4. 64A 70 _ . 7 


viding by 2) » x 2= * * —— 7 = + n—2 x! n—3 


| \S. 
Cx '— 13 — D * 4 REE —— 12 
FK 3 10 f. + 6 T == 8 (which te 


ſpect of the æquation x — B x ; Ov — Ter INA 3 
A o is called the ſecond æquation of MK, ſhall bom all its roots 


real, roviding, all the roots of the æquation ͤͤ- — B 1 * Co. — 


&. + cx,F bx + A = are real. After the ſame manner all the 
roots of the third =quation of limits v 1 — 5 i . 
I "A | 
3 | * 12 
: | 2 


of the impoſſible Roors. Paxr. I. 


8 


r 


5 5 — _h * 277 2 LL — ——3 212 | 


2 10 * + 7 15 of the fourth æquation 


— —  a— 


of limits MX K * — 1 Tai * * — E 


— — — IM * 


Tr Cx” — &c. 8 and 
a Ws =. fo on, will be real and thus we may deſcend from one equation of 


limits to another, until we arrive at the quadratic aquation ux — if 


— Ys 
=z—1B«x+C=o, whoſe roots are real. 5 
Schol. From a due obſervation of the * table of theſe de- 
ſcending æquations of limits 
- D D B — Faber b ARO 
1 * — +i— 2D on = 
* E Ar. — of EXE CITY. 4 
XI DS x Bu CAFE REI Cut | 
i — 88 — 126 4 ; 9 
* Db T — K +3dx 2 . 
. A e B x OTF" | 
| C0 "0 3 © 


„Ser, S. xD + 6 + 46x Fd--- 


„NN AN 
„ 9 4 2 8 


N C Ke. aK - 
| Y 2 — — 3 — 
| > n wm xD B x "+= Cx—D=0 
2 


** f—m—1xBx+C=0 


You ma may eaſily ſee that the ſame zquations of limits do aſcend thus, 


2 
3 BA Co, 1 ** 2 
2 2 p : 


B cpo, ax f=2 ** 4 
| 3 


22 , . — 
7 2 2 * 2—3 
5 3 


\ — 


3 ik S © adfetted ZEquatiins. ) - 81, 
# x3 B x 0 Cx = Dx+E = 0, and ſo on. 


— 1 


For the firſt terms of theſe defending æquations, to wit, * ur, 


ꝶꝶ6⁊D,„ —c— 


5 * * — 1—2 . f 
; oe x c. are the terms of the binomial 


* + 2 raid to Kew n power; conſequently the firſt terms of the qua- 
dratic, cubic, biquadratic, &c. equations of limits, are thoſe terms of 
the n power of x + I, * x riſes to the 24, 34, 4th, &c. power, and and 


| therefore will be * * 1 * nx * 2 x 2 
7 E 3% 5% 
*, &c. The ſecond terms of the ſame deſcending Zquations, * wit, 


Bx, —1 B x. iB * bo &. 
2 2 


are the terms of the n—1 power of the binomial x + 1 multiply'd 
— B, conſequently the ſecond terms of the quadratic, cubic, biqua- 

ic, &c. æquations of limits are choſe terms of the #—1” power of 
* I, wherein x riſes to the 1% 20 2's 3's &c. Ec. power, multiply'd by B, B, 


cad. therefore will be z—1 a—1Bx, 1—1 * B . 11 


B, &c. and thus you may es zu of the ers of theſs 
aſcending æquations of eprom 


Prep. I. Let x — B x" "+ Cx  — Ds Ez 2 — Kc. 
+cx*F bx+ A o be an æquation of any dimenſions, all whoſe 


roots are real; let M repreſent any coefficient of this 7 L, N 
the adjacent coefficients, and let m be the exponent of oefficient 


repreſented by M. By the exponent of a coefficient I mean the number 
which ex reſſerh the place it hath among the coefficients; thus if M re- 
Tas coefficient D (and therefore LC, NE) then m = 2, 


ſay the ſquare of any coefficient M multiply'd by the fraction 


= will always exceed L x N, the rectangle under the 
adjacent coefficients. of / 3 


Thus in che æ S + C DAA o (where y==4,) 
and therefore LB, N =D, and m = 2, then 
2K 455201 1 
＋ * 4—2 7 Sor 5 © vill exceed BxD, providing all che roots 
of the equazion are rel. / 

By cor. lem. 3. the roots of the quadratic zquation of limit 1% n=x 


| #1 Bx+C=0 areal Geke (oy lemma . 55 | If i MY 
Vor. VI. Paar L. en M ech et a mult 


— 
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muſt be r, than * — CC, and (dividing both by u . — 


n 883 


* x BY greater PEAPS Therefore in the a N x — B +Cx 
— &c. e Þ bx + A = 0 all whole roots — real, the ſquare of 


the firſt coefficient B multiplied by the fraction 50 by = = ” = 


is greater than 1 * C the rectangle under the en 11 1 | 
By lem. 2. all the roots of rhe equation Ax -b * — &c, 


* Cx * — * i 
7 f 2. 


„ —&. + * rA. ire therefore ( by what 


a hath been ſaid in the laſt paragraph) = nN = muſt be greater than 
*. and conſequently 28 * greater "EY Therefore in 

an Equations" —Bx Fe c. K Tb Ao of the 

n degree, all whoſe roots are — the ſquare of b (the coefficient of x) 

multiply'd by the fraction — is greater than c X A, the W 


under the coefficient of x* and the abſolute number. a. 
Since all the roots of the cubic equation of limits * x 2. 


N Ta: I FE » 
* — 1 —pf+1n—Cx—D=o are real; therefore (by 

what hath been ſaid in the immediately preceding paragraph) the ſquare 
of #2, x C multiply*d by the fraction 3 or by 3 will be greater 


than f on B x D, that is, — X o > Tx BD, 
3 


8 (dividing both by 11 K mu) = * Cp B xD; — 


is, che ſquare of the ſecond coefficient C multiplied by the fraction 


2 K 7 — 2 


: oY A the xeftangle. under de adjecem co- 
$ CLRCIents 


a ae all the roots of the 1 zquation — Jimi n „ — x 1 


— 


1 03 
x2 * „ABA ce * 


E = © are real, dn 9 the rr of 73 1—3 D muliplied bye fraction 
2 
2X4 


| 
: 
YN a 
1 * 


Cus r. I. in adfected Equations. 


Dor by 2 vill be greater than C E, mat i 3 27 


2X 4 


xD > —32 c x E, or (dividing bothby x13) — D* 


C * E. Theretore the ſquare of D (the third coefficient) multi- 


| 2123 f 6 
plied by the an eee is greater than C x E, the rect- 
angle under the adjacent coefficients. 

herefore in general, the ſquare of M (which by ſuppoſition is the 


m coefficient) multiplied by the fraction . is greater than 
| . m+1.xX n—m+1 7 

L x N the rectangle under the adjacent coefficients. 

Cor. Make a ſeries of fractions =, = = = "RE. LY = 

whoſe denominators are numbers going on in the arithmetical progreſ- 
n 1, 2, 3, 4, &c. continued unto the number u, which is the di- 

menſion of the æquation x - B 1 C -& tA= o, and 

whoſe numerators are the ſame progreſſion inverted. Divide the ſ 

of theſe fractions by the firſt, the third by the ſecond, the fourth 

the third, and ſo on; and, place the fractions which reſult from this 

diviſion, above the middle terms of the æquation, thus; — 


6.4; #—t © — 21 2 1 K — : 4 X 1—4 | 
2" 3X —4Xn— * 


inen — b 1 —2 5 1 —— * 

x" —Bx TAC D TE - &. K Ao 
Then if all the roots of the æquation are real, the ſquare of any 
coefficient multiplied by the fraction which ſtands above it, will be 
greater than the rectangle under the adjacent coefficients. * 

This corollary doth not hold converſly, for there are an infinity of 
æquations in which the ſquare of each coefficient multiplied by the 
fraction above it may be greater than the rectangle under the adjacent 
coefficients, and notwithſtanding ſome or .perhaps all-the roots may 
be impoſſible. Therefore when the ſquare of a coefficient multiplied 
by the fraction above it is greater than the rectangle under the adjacent 
coefficients, nothing can be concluded from this circumſtance, as to 
the poſſibility or impoſſibility of the roots of the æquation. But when 
the ſquare of a coefficient multiplied by the fraction above it is leſs 
than the rectangle under the adjacent coefficients, it is a certain indi- 
cation of two impoſſible roots. From what hath been ſaid, may be 
eaſily deduced the demonſtration of that rule which the moſt illuſtrious 
Newton gives for determining the number of impoſſible roots in any 
given ægquation. LOX Le 


; E= 0 | ; 


i — . 


2 


of ide inipoſſible Ro: Paar. I. 


Schel. Let tho roots of the æcquation a —Bx ＋ Cx, = 


— 


x + Ex — Fx A &c. L A =o (with their ſigns) be 


| repreſented by the letters a, b, c, d, e, ho 80 &c. then (as is commonly 


known) B will be the ſum of all the roots, or =a +b+c+d +e + 
FT &c. C the ſym of the products of all the pairs of roots, or = 


abÞ+ac+adÞacaf+bc&cE=abcd+abietabcfo 
brde+ &.F =abcde+abedf+ abcdg Ted, &c. and 


»ſo on. Let (as in this propoſition) M repreſent any of the coefficients 
F N P * 


B, C, D, E, F, &c. let be the adjacent coefficients, and m the ex- 
2 of M ; let z repreſent the ſum of the ſquares of the differences 
tween all the poſſible pairs of terms of rhe coefficient M; let a be t 
ſum of all thoſe of the foreſaid ſquares whoſe' terms differ by one ler: 
ter, g the ſum of all thoſe ſquares whoſe terms differ by two letters, 3 
the ſum of thoſe ſquares whoſe terms differ by three letters, I the ſum 
of thoſe ſquares whoſe terms differ by four letters, and ſo on. Thus if 


M repreſent the coefficient F or ab cde ab ed f abcdg+bedef 


+ &. then z =abcde—abrdff 4 bed -e. abe de abe f of 
CCC Fea = abedomatenſ 
H abede-—abcdyÞ + abede—abcegy + Kc. 8=abede—arere 
+ abcde—abefbÞ Fab + &c. 7 = abc Tea 21 


Ja Cd -= ef A. c. 4 D NT + abcaf—aegbk}* + &c. 


This being laid down, 1 fay the ſquare of any coefficient M multi- 
plied by the fraction = exceeds I. x N, the rectangle 


mT x n—m+ 
| 3 ce +1X2 I I I 
under the adjacent coefficients by =—=—=—=—=—z ——þ ——=x 
ua ; 161 4 n * = 2 3 4% 


4 eg ; 33 EO 1808 WT | a 
of as many terms as there are units in m. Won hat 7 - 
Leet the æquation be —B x4 + CDP ER -A =o wh 

roots let be 4, b, c, d, e; in which caſe » = 5. Let M repreſent the 


coefficient Bor a Ce de, chen I. u. N=C, n , 2 


CEP TATE T4 eater ee 


| pg 3 Tax, 
| 2 : . X 2 1 1 2 
or - B* exceeds 1 x C b r k, 


44; , IL & . 1 A 4 0 28 10 by a 8 * 0 
lince s = == = . LaanÞ | 
( 1," 20 10 © 10 117 10 1 4 T we * 
et . * 4 i 


I which 
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which is always a poſitive quantity, when. the roots a, b en a, e, are real 
poſitive or negative quantities. 


Let M repreſent the coefficient C, Wai 3c4- 245% os + Ke. 
then LB, N=D, m=2, 2=ab—ad* + ab—adP a 
+ dre + e Þ+ &e: « = 6d —aF ,, ab—adf = 
+ &c, 8 = e ef + A + &c. therefore 


r 


ö —— Wenn, 2 
e or 10 furpaſſeth B x D by | 
241X5—2+1 . 2 +I X 5 — 2+ x 


: 


12 —4a—46 = (becuſe 2 = @ + 8) ＋ | 
—_— + + :X ab — ce + 7 TA + &c. which is | 


always poſitive when the roats are real poſitive or negative quantities, f. ; 
Les Mi repreſentDor abe -+ abd +8 be Ec. then L=C, NE, | 


. 2 =abc—abd) Fabc—abe, + abc ad + Ke. 
a= abc—abdl, + Jbc—abd + &c. n + 


nt | 
F 7 r 
J ; + 1x2 
/ le ems 2 2— 1 EIS 
3 28 ane. 
| EDA KL) = «TOSS R e 
0 e —ddh + K. | 


A 
© ne ww * ces 


Let now M repreſent Eor 4574 4 2874 25474. Kr. chen 


2 


1 = D, N=A, m = 4» 2=0bed —abece + Tid=aran 
TD =. — &c. = & 8=0, 7” = = 0, 2 therefore 


ANI E. or FE? exceeds P A b EE Tent ©. 20 
4T1X5=4TA4 


| IE. 
TEES EZ = U=Sty = x e _ 
abcd—abda* 8 A e ee DYE 


Len. 4. Let «, 6, 5. 0 repreſent any poſitive © quantities ; let ; 
«2 +68, G2 K , 2 be three /binomial e 
terins are æ uimultiples of a, 8, Y by any poſitive quantity x, 
whoſe ſecon 43 tems are , 5, %, 4% Then (ſuppoſing m, , 0 — 
ſent any two numbers) the e of the middle binomial, BZ + pF 


mr 
8 . vrt en nu —— 77 l will be Oo chan 


* 


$493] 


z + x 1 TM 2 2 
* . 
5 


ec 
- 


8 

6 0 the impoſſible Row Parr. I. 
22 _— 72 7 J ther rectangle under the adjacent binomials, pro- 

E viding the {quare of 7 (the A of 2 in the middle bino- 


I N 


mial) multiply d by the fraction er hn, 


e PLE the 8 of z in the adjacent binomials, 
t the ſquare of y (the — term of the * Tugonial) multi 


 mxr— 


plyd by the faftion —_—_ by greater tang . A teckingle | 
bl under the ſecond terms of the 6 apote binomials. * [i 


: Since (by e * r = 
nee 1 — I N * mXY— 1 I 1 
a ** 1 the cheefore HY = * or 
— . — | 
— 2 
5 . *. y will be greater chan 45 8 U, — 


+ A lo Une” r 
(dividing both by 25) £ 


—— ine graze thn «4, 


r N 


3 5 m INI wor 3.1 
rg e 

2 aa a Sx 25h * ORE 7 

= out by expandi the terms of the æquation, ) therefore (nes 


4 | — NX — 11 
A 2 — 1X 


r auer LECT 47. 


—— 


1 a 1 a -— . 
— 5 — W 1 
; „l r 8 xm e Ih f 
| ä (FIFTY - FR 
ASS: * — - x | 4 2 ES] 08 FEES! will be poſitive, 
i: 4.420 Fi 


TT” TT 


- * * 
11 7 — ö ; 4 


conſequenty = RRC XBZ F 7 greater * sp 

m — Ixr+13 | | 

; 9 ' Cor. 
8 5 RE 


Ci 5 


* 


4 


CnAs. I. In adſected Equations. 


Cor. z +, ,7# +4 be, two binomial quantities, then ( ſu 
poling ee any number) the ſquare of o* Zz + y multiply'a 


by the fraction 2 * — 7 will be greater than 1 2 + 0, providing 


the ſquare of y wukiply'd —— # — be Af 
; 

For = 3 5 — — SN 

27451 I ae... 


erefore fince; both 5 — HET 2 ſi. 
A ig N 5 a Pag 


oC om 1.930 


tive ) 12 22 ——— he game than 3 2+8, 


— — 2 2 


Fw 


Def. Two adfected æquations ate ſaid to be contiguoms, which differ 
by one dimenſion and one root, ſuch are the æquation & — G 1 vs 
— 6 whoſe roats are | 3, and the æquation &“ — 10 47 + 35 x* 
— 50 x + 24 = 0,-Whoſe roots are 1, 2, gy + 


—— — 


5 II. If above each intermediate term of the ———— r 


"Mt: Ds * + E * = &c. = 0 whoſe roots are either all 


— 4 or all negative, be placed a fraction » Whoſe numerator is 
the product of the diſtance of * term from the firſt multiply d 


by the index of x in that term, and whoſe denotuinator is che pro- 
duct of the two next greater numbers, thus 


4 


| Id 70 in ene Sy 1 e $000 ier 
. | 11 = 222. : == 4X n= 
= r 1 sx / * 2 
2 Cn N N A . S 
"Then if, all th ts are rea re of each voefficient 
—— by its correſpondent Tacken Til 


be greater than the 
rectangle under the adjacent coefficients, that *. — *B. > -1*C, 


9 

128 2—2 *. = ns TIL | 

x C. > BxD, * "+. 4 b 
2 


Lete -B. TC. © Dn TEN o, 


#7 


] 


/ 

"Of the impoſſible Rn, Pin 1 
be a ſeries of contiguous #quations deſcending unto 40 quadratic 
"zquation x* = &x TY = 0: over every intermediate term of each 
of theſe æquations conceive to be placed a —_ according to 
what is preſtrib'd in this * thus 
* „ TY =: Wt" 55 

1 | a. IO: 4X nz EL v 
_ TB. 2 [Oy + De tral J &c, = & 
1Na— =o 32% n—+ _ Xn 
_— = <—_— 5 * — 
Kp ee = 4s — + &c. So. 
— ee QS 
2 X n= 3X map | —4 $X 5 
* — —6 
a „ + Ox e + Of Kc. 
: . r 22 12 ; 
; 2X n=; 3X —4 4X ng X — 5 \ 
* Pipe nen Ae on 4 
Par e fr + On I lc= 
| 2 u n en tit 111 * ? : 
© of en =o. D 97 o y bas an) 1503 nv 


This being done, let + 2 or 222 = repreſent the r root ; by —_ | 
the equations . K . 2 ＋ c "F-&c. Se, x Z 
19 Ane GE | ike So differ, chen will the higher æqua tion 

| i l „ e If e xx PEmoarn 


2 * T 3 +. r 


1 ae, eee o e 
D=cz +4, E=dz+e, &; tn * 


* - 1 
= 
A s 


43 In the two firſt binomial coefficients z | 1324. „ T 
2Xr 1 9h | 


ende cor lem, 4) be ger than bx, providing = x 5 be 
| greater than, den (naking 7 =a=1) S8 = x 1 . or = x B* 


7 n n 
x 


E 
* 


* | | will 


Cnar. I. in adfefted Equations. a 


will be greater than 5 z + c or C, providing = „be be greater 


_— three firſt binomial coefficients 1x z +b, bz Tc, cz +d, 


INE „ vill (by lem. 4.) be greater thanTXzÞÞ x c zÞ4 
XT 


providing * e and ER c > b x 4, therefore 


n— 2 Xx n— 
(making * == 2 and r = 2 —— — x bz+@ or 8 c. 


3 3 * #—1 
1x n—z 
vill be greater than 1 Tt r or Bx D, providing <2 = 


x ** > x d bxd. * 


3 X #—2 


In the three e. binomial coefficients bz +c, 2 ＋ d. d x e, 
— e 2+4Þ will (by lem. 4.) be greater than YT ex Te 


* 
m X ror 


providing FF X C >bdand 2 * d > ce, therefore (wa 


— = 0) LEE x 224 © . wi 


4 X —2 11 * 


be greater than Fe P. N or Cx E, Pending . « 934 


3 X 4 


— —2 Sue dg ce; and thus we,may proceed to other coeficens 
TER 5 1 of — coefficient of the æquation 


* AA 255 | TDs. 7: 14þ &c. = o, multiply d by 
the fraction above it will be greater than the 
jacent end providing the — 20 of — coefficient of 


æquation x R © + e Ein | ＋ Kc. wa 
tiply'd by its correſpondent fraction, be greater than the rectangle 
under the 1 coefficients. But a me ſame IIa A 


ds... 5 &c. o multiply'd by its correſpondent fraction . will 
be greater than the rectangle arg the _— 5 providing 


in the 1 next lower zquation x x + Va "I Pop = dx * 


+ + &c. o, the ſquare of each coefficient d by its corre 
Von VI. Part. 1 N ſpondent 


rectangle under the ad- 


4 
17 > oh 
90 
W 7 


. 
. 


ſpondent fraction, 


: [ 


0 


Of the impoſſible Na: PA. I. 


wr 


be greater than the rectangle under the adjacent 
coefficients 3 and thus we may defcend, until we arrive at the qua- 
dratick æquation & THE +y = 0; in which ( ſince the roots are 
real) the ſquare of the coefficient gj multiply'd by its fraction , 
is, (by lem. 1.) greater than 1 x 5 the rectangle under the adjacent 


coefficients. Therefore in the æquation & +B s + Cx 


FE Dx , ＋ &c. = o, the ſquare of each coefficient multiply'd 
by the fraction above it, is greater than the rectangle under the ad- 
jacent coefficients. | 

Def. 2. By the ſum of all the binary products of a compound 
quantity, we mean the ſum of the products of all the different pairs 
of terms of that quantity. Thus the ſum of all the binary products 


of the compound quantity a +b A c, is ab ac e. 


Cor. Let a compound quantity az+bz+cz, ora +b +cxz 


have each of its terms a multiple of the fame quantity z, let æ be 
the ſum of all the binary products of a + þ + c, or os = 


 ab-ac+bc; then the ſum of all the binary products of 


az +bz + c> will be 2x . . TE nod 

Lem. 5. Let a compound quantity as a +5 +c +d +e+f 
be conſidered as conſiſting of any two parts a + b + c, and d + e -þ f, 
then will the ſum of all the binary products of the whole com- 
pound quantity a + þ +c + rer be equal to three things, 
to wit the ſum of all the binary products of the firſt part a + b c, 
which is ab + ac be, the ſum of all the binary products of the 


ſecond part d + e + f, which is de + df +ef, and the product of 


the two parts TY +7 x 7 F et, which is ap CA of + 
ba+be+bf+cd ee. This is evident without any de- 
monſtration. 1 5 

Car. Let a compound quantity a + b +c , z 14 G2 +52; or 
2 +b + c+ «F 8+ conſiſt of two parts a +b +c, a2 + 82 


++ z, where each term of the laſt part is a multiple of the ſame 
quantity 23 let a T= M, ATT =N, let p be the ſum 

of all the binary products of M, and ⁊ the ſum of all the binary 25 
all 


ducts of N. Then (by this lem. and by cor. def. 2.) the ſum o 
the binary products of the compound quantity 'a + þ + c + 
a T SZ +23 or of MTN X z wil be =p '+ XK = 
+MxNz.' | | Met FS f | . 

Prop. 3. Let x x. 4 "Mk — Dx * BY Ex — 
N * | 


0 „ — Bane \ | 
Fx wife: Ne 4 Ew — &c. = © be any 


Equation whoſe roots { with their ſigns) let be repreſented by the 


letters 4, ö, c, d, e, f, &c. o 
” 1 * ' nc c. 


" 


*. 


* z 


Fa 


— 


CA. I. | in adfefted Equations. 


&c. C=abhac+ad+aechHaf+&c. D = abe + abd+ 
abe+abfÞ+acd+&.Em=abcd+abcetabef-rabdet 
&c. F =abecde+84bedf TA def &c. and fo on. 

Then the ſum of all the binary products of any coefficient of 
this æquation, will be equal to the rectangle under the immediately 
adjacent coefficients, minus the rectangle under the ſecond adjacent 
coefficients, plus the rectangle under the third adjacent coefficients, 
and ſo on, until you can go no further, Thus the ſum of all the 
binary products of the coefficient E, or of abcd + abce + 


abcf + 2b de + abdf + &c. Which is E&P ,ẽE.t· df 


a M dee + &c. will be equal to DX F — CI GTB H 
„irn | | 

This propoſition is evident in the coefficient of the ſecond term: 
for the ſum of all the binary products of B, or of a + b + c e r 


&c. is ab þ ac ＋ ad + ag + be + &c. which is = C or 


@ © he \ Wd, 
To D the propoſition obtains in all the other coefficients 

of the zquation, Let TD * | 

\ x B Ex" —Dx TE, —Fx * +Gx. —-&.=0 


— 28 1 6 


Pal | 2m n—=4 - #—5 2—7 v 
x —bx Ter —dx Ter —fx Ig —&.=0 
„ her er d Jer f Ig — &.=0 


—3 


&c. 
* — bci — d' 2 o 
* —hx+e=0 


, 
be a ſeries of are dg pay deſcending unto the q i ic qua- | 
t 


tion & — ht = 0. 
2 * 


Let z repreſent the root which equation 

. K N 
1 1 —2 1—3 . . 

* —b er — &c. = o, then will the higher 


æquation be 
"Hoo {ge 


— 2 m— | 5 
„ —be Ter -d Ten ix F &c. x o, 


o 


— 9 EIN icy: . fame 2 | aq 
or x -hÞz*Xx +cÞFbzx*x —TFTzx x Fe Far- 


* *—f FTE x x Tc. =0 therefore B Ab Ta, C=c+bz, 
' D=d+cz, Ee dz, F=f+ez, G=g+fz, Kc. Let P 


repreſent the ſum of all the binary products of the coefficient C or 
c ＋ 2, and p the ſum of all the binary products of c the correſpon- 


dent coefficient of the lower æquation. Since the ſam of all tha binary 


products of þ (the coefficient of the ſecond term of the lower zquation) 
1 ; as 14 


N 2 
* - : F 


wil n—s ET =_ 
x. — b"x TC -d Tele — fe ＋ Kc. =0 


—ÞBx + Cx— &c.=0 has beſides thoſe of the next lower æquation 


f the impoſſible Roots Par. I. 
is equal to c, therefore (by cor. lem. g.) P the ſum of all the binary 
products of c +6 will be equal to p4-c 2* +b cz =p+b+z*XdÞFc2z 


—e+dz—bd+e=p + BxD—E —I*xJ—e. Therefore 
P the ſum of all the binary e e of bs ( the coefficient of the 


[1 . — 3 


1 oh oe — Ds 


 WR> > — &c. = 0) vill be equal to B. D—E, provi- 
: ding in the next Jower #quation x Ws rabkth + eee 
+ ex - Kc. o, þ the ſum of all the binary products of c 
(the coefficient of the third term) be =bx d- e. wil the ſame 
argument the ſum of all the binary products of c will be equa; 
fl; 


to hx d- e, read 8 the next lower æquation 5 * 


— | of 
+ Ox te £m | — c- = 0, the ſumm of all the binary 
products of the coefficient “ be equal to h * d- &; and thus we 
may deſcend-from one æquation to another, until we arrive at the 
quadratic zquation, x*— b x + © = ©, or ( ſuppoling its roots to 
be a, )) *— T Id» + ab=0, in which (t or ab being a ſimple 
quantity) the ſum of all the binary products of t is o and therefore 
equal co h * o, the rectangle 1 he e e 


Therefore in any æquation x — Bo: + 0 9 5 


+ Ex — &c. So, the ſum of all chegbinaty products of the 


coefficient C is equal to B x D — 1x E. | 
Let now P, þ repreſent the ſums of all the binary produdts of b, 3 
the coefficients of my fourth terms of the æquations x — By - wy 
Ce. — * 4 — &c. 2 , r 
cx © da eiae Lon Bae. = 0; ſince (by what hach 


been Juſt now ſaid) the ſom of all the binary Prodpts of c is equal 
to h x 4 — e, therefore (by cor. lem. 5.) P the ſum of all the 


binary products of 4 + « z will be equal in 
N r eee 
N tg =p+CxE—BxF +G—cre—buf og. 
Whence P the ſum of all the binary 19152 of D Wr 


Ae derm of the! ahuden e 5 . 


1 


— 


2 i 


CAA. I, in adfefed Aiquations. 
Dx 1+ Ex —&c, = 0) will be equal to C x E-—B x F+G 
providing in the next lower æquation x —J= ew **- 


ds ＋ ex * — Kc. = o, p the ſum of all the binary pro- 
ducts of d ( the coefficient of the fourth term) be equal to 


cxe—bxf+g. After the ſame manner the ſum of all the binary 
roducts of d will be equal to c x e—bxf + , providing in the 


next lower equation 3 —# 8 = tx. din * + 
n—6 : 
ex, — &c. o, the ſym of all the binary products of the 
coefficient d be equal to “ * — Þ x f' + g'3 and thus we may 
go down until we come to the cubic æquation x* — h t K- O 


or (ſuppoſing its roots to be a, b, c) *— a T Te 
abTacTSeNx 


e equal to t' x o the rectangle under the adjacent coefficients. 
Therefore in the æquation „ —Bu" + C , 


TE F- +Gsz — &. =o, the ſum of all 


the binary products of the coefficient D is equal to C x E 
— BX F＋ IX G. | 


After the fame manner we may ſhow, that the ſum of all the bina 
products of the coefficient E is equal to Dx F=CxG+B x H—13 xK. 
And ſo on. i 
| " Neel —2 | ak 
Prop. 4. Let x - BX —+Cx —Dx E. af 
n—5 1 —6 17 1 —3 8 
— Fx: +Gsx H + KX =— &c. S o be an 


æquation of any degree; in which let any term as Ex be taken, 
Ho ] 
* 


— —ů— — 
1222 


| 1 
and let 1 * 


3 


continued until there be as many factors as there are terms that 
—. | 


precede E x ©) be=m. Then if all the roots of the equation be 


8221 


72 will always exceed DF — C x GTB H- IX X. 
Let the roots of the æquation (with their ſigns) be repreſented by 


+acde+&c. Since the coefficient E (a bed +abce+abef4 
&c.) is the ſum of all the products that can be made by multiplying 


abc =o, in which (d'or abe being a ſimple 
. quaſtiry) the ſum of all the binary products of d is = 9 and there- 
] or 


x Gr 
4 5 
real, the ſquare of any coefficient E multiply'd by the fraction 


the letters a, b, c, d, e, &c. therefore E = abcdÞabce + abcf 


93 


 +23Þcd—abefi + &c. then (as is eaſily collected from {c 


Of-the impoſſible Roots Parr. I, 


the root 2, 5, c, d, e, f, &c. by fours, and fince there are. » 
number of theſe roots; it will be plain from combinations, that 


(abed + abce +&c.) muſt conſiſt of - dar x — 
or of m number of terms. Let y repreſent any of theſe products ab c d. 


abce, abc ., &c. and let an æquation be conceived to be formed 


having for its roots all theſe products, or let y—abcdxy—abcex 


abe x y—abdex&c.=0. This æquation when expanded will 


come into this form, ny +TDxF—-CxG+B x H—1xK 

X 8 —&c. = o: for in the firſt place, this zquation having m 
number of roots, muſt be of m dimenſions ; ſecondly (from the na- 
ture of æquations) the coefficient of the ſecond term having its ſign 


chang'd, is the ſum of all the roots; and therefore =a be d+abre + 


«bcf dy. + &c. = E. Thirdly, the coefficient of the third 
term of this æquation (being the ſum of all the products that can 
be made by multiplying all the roots a h d, a bee, a be,, a bd e, &c. 
by two's, ) muſt be equal to the ſum of all the binary products of 
abcd þ abce + abcf + abde + &c. or of E, and therefore 
prop. 3.) equal to DX F- CX G＋TBX H- IX K. But 

ce all the roots a, b, c, d, e, &c. are by ſuppoſition real) all 


the roots abcd, a * abcf, &c. of the æquation y —E 7 + 


DxF—=CxGFBH—=rzKxy —&c. =0 muſt alſo be 


m 
DxF—CxG+BXrxXH-—1xK. 


Cor. 1. Let 2 repreſent the ſum of the ſquares of the differences 
between all the poſſible pairs of terms of the coefficient E (abc 4 A 


abceÞabecf+abde+ &) that is 2 we ae 
. 


real ; therefore (by prop. 1.) = = x E* muſt be greater thin 


Prop. 1.) E exceeds DxF—CXG+Bx H- 1X K by 
2 m 1 ö 


FF propoſition is deduced the following Rule for * 


termining the number of impoſſible roots in any given æquation. 
From each of the unciæ of the intermediate terms of that power 

of a binomial, whoſe index is the dimenſions of the propos'd æqua- 

tion, ſubtract unity, then divide each remainder by twice the corre- 


ſpondent 


* 
„ 


ſpondent uncia, and ſet the fractions which reſult* from this diviſion, 
above the intermediate terms of the given æquation. If the ſquare of 
any of the middle terms multiply*d by the fraction ſtanding above it, 
be greater than the rectangle under the immediately adjaceng terms, 
minus the- rectangle under the ſecond adjacent terms, plus the rectan - 


- gle under the third adjacent terms, and ſo on, then under that term 


place the ſign +, but if it be leſs place the ſign —; and under the 
firſt and laſt terms place the ſign +. Then there will be at leaſt as 
many impoſſible roots as there are changes from + to — or from 
— to +. | | 

Let it be requir'd to determine the . of impoſſible roots in 
the æquation x? —5 ＋ 15 * — 23 * + 18 ＋ 10 — 28K ＋ 
24 = ©, The unciæ of the middle terms of the 7 power of a 
binomial, are 7, 21, 33, 35, 21; 7, from each of which ſubtracting 
unity, and dividing each remainder by twice, the correſpondent unciæ, 

a 6 6 4 

the quotiscts will be —, =, , 3, L r 3, 28 


14 42? 70 70 42 7 7 21? 


2. 2. =, L. which fractions place above the middle terms of 
7 


* — 
the æquation 
| 1 f 20 17 17 10 3 
7 21 35 35 27 7 ; 


thus & — 5 * +15 — 23 +18 10K - 28 x + 24 0. 
Then becauſe the ſquare of — 5 * multiply d by the fraction 5 over 


its head, or . less than +” X + 15 x* or + 15 * „ I place the 


ſign — under the term 5 x*, Becauſe the ſquare of ＋ 15 * multiply'4 


by zr the fraftion over its head, to vit 278 +'* is greater than 


—5 * 12 23 ** — Tr Xx 18 x? or 97 x**, I place the fign + 
Sp * | 
under the cernf 158) Seeing 2 * (the ſquare of the term 


— 23 * multiply'd by the fraction over its head 2) is leſs than 
£ 


5— — 


+ 15 * K 18 * — — %, N I +++ x— 28 * or 292 x*, 


I place the ſign — under the term 23x*, becauſe FTE xÞ x 


* ; 
2 or < exceeds FRI +139 X=287+ 


—5x*x +24 or +70", I place the fign + under the term 18 K. 
| ry Since 


= 
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. | 10 1000 - | | — 
Since + TG x 77 0. A is leſs than T 18 T N — 28 x; 


— =23x* x + 24 or 48 , I place the fign — under the term 10 * %. 
' Becauſe 28 x 3 or 336 * is greater than 10 ** * + 24 or 240 x2, 
I place + under 28 x; then under the firſt and laſt terms I place +, 
and the fix changes of under written ſigns ſhew that there are fix 
impoſſible roots in the æquation. | 
** —5gx*  +15x* —23x ＋ 18 » ＋ 10x! — 28 K ＋ 24 0. 
+ — * 7 2 1 
If the impoſſible roots“ were to be found by the Newtonian rule, 
the operation would ſtand thus ; 
4 2 EF bs Ss & 
„s $159) 23 +189 $108" —28 x24 =0, 
„ >. 5. iT - ns. , 
therefore by this rule, are found only two impoſſible roots; whereas 
there are ſix, to wit 1+y/ — 3» [3:56 V —3, 1+4/ —=2, 
12 0, Vi, 129 — 1, the ſeventh root being — 1. 
The number of XI. O what hath been ſaid we ſhall ſubjoin the firſt part of a me- 
| thod, whereby the determination of the number of impoſſible 
tion reduced to roots in any æquation may be reduced to the Carteſian rule, for de- 
the Cartefan termining the number of poſitive and negative roots. | 
rule for find * Let & — BY + Cx — A =o be any cubic zquation ; let two of its 


+ bro roots be a , a — Z, and therefore the third root = B—2 g, 


, . megativeroots. conſequently the equation x3--- Bx* CXA will be 4 2 


3 — — — — — — 
Xx—4—y/—ZXx— B—240rx: — B þ 243B— 34 — 2 X K 
Bea N = o. Therefore 2 a B-3 a*—z C and B22 x 42 
= A, from which two æquations exterminating a by the common me- 
thods, there will reſult the equation 48 2: — 24 x B —3 C*x'z# +9 x 


B'—3 C x 2 — B—3 CX Cm ABE — DT -A = 0. If there- 
A * "7 4 6 


fore all the roots of this reſulting æquation are aſfirmative, that is, if its 

ſigns goon - 7 nary + — + —, then all the roots of the æquation 

* - BNL Cx—A=owillbereal; but if one or more of the roots 

of the reſulting æquation are negative, that is, if its ſigns do not go 

| on alternately + — + , then two of the roots of the æquation x3 — 

h Cx Ag o muſt be impoſſible. From whence flows the fol- 
lowing rule. | 3pÞ ; 

If in any cubic æquation x*— Bx* Cx A =o, each of the quanti- 
ties B'—3 C. C?—3AB be poſitive, and at the ſame time their product 
B-—3Cx C—3AB greater than a quarter of the ſquare of BC—9A, 

| then 


Cnar. I. For determining the number of poſitive, be, 


then all the roots will be real; but if any of the quantities 3.3 C, 
C- zA; is negative, or if both are poſitive, and at the ſame time their 
product leſs than a quarter of the ſquare BC - 9 A, then two of the 
roots will be impoſſible. | 


Thus becauſe in the cubic equation ** — 8 * + 19x — 12 = O 
(whereB=8, C = 19, A = 12) not only both the quantities B* — 
3 Cor 7, and C*— 3 AB or 73 are poſitive, but alſo their product 511 

2 


is greater than or 484, therefore all the roots will be real. 


Likewiſe in the cubic æquation x%— 24 * + 85 x — 100 o, altho' 
th the quantities B*=3 C (which is 321) and C'—3AB (which is 25) 


are poſitive, yet becauſe their product 8025 is leſs than — ar. 
N 


324900, two of the roots are impoſſible. WA 

Let + - B C- Dæ rA o be 2 æquation, 
which (by ſubſtituting « + 7 B inſtead of x) let be reduced to the æqua - 
tion * — — X 1? — x u + . — 
| =0; let the roots of this laſt zquation be a L A- —a + vs, 
—a—y/7, and the roots of the equation “ Bx* + C Dx +A =0 
will b4B+a+yn, 5B+a—=ya iB-a+ys, :B—a=—y: 
2 —— — xu + 


Therefore the æquation u. — 
256A—6,BD+-16B: C2 — 3BY 


* uf — 


256 


1 OX —- E mn or (calling m En 2 and mn=y) u*— 
PE 24 =I X#u+& x a*—=z +1=0. Whence 


20 +2 e = t ox gmt = 
256A —64,BDo16B* C 


| SECS, from which three zquations (having 
furt exterminated a) there will reſult the following two — 5h 


27648 %—3456 x TSX, EDTA X ＋ 108 x CID 
C=ED I-22] 2 . — 


2. 


15362 — 384 x JN ον 2 32 X 3B* 4 * Fin 


* 


D e 
o. Whence ſince the four roots of the æquation - BH C 
Db. AO B= 136 5 —44/7 


iB—a—y/z, and ſince a n and y = m1, if all the roots of 
Vox. VI. Parr I. | each 


. 


— = 0 will become aA νYαν N 


= , F/ or . — ZN , -a 


0 : 
* by 
2 
. * , # 
1 % , * 
% 
- 
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Nr 


then two of the roots will be impoſſible. 


more than za, all the roots will be impoſſible. 


each of the foregoing reſulting æquations are affirmative, that is if in 


each of theſe æquations the ſigns go on alternately, +—— + —, then 


all the roots of the æquation * Bx* CY Dx A = © will be 
real; if one or more of the roots of the firſt reſulting æquation are 
negative, that is, if in that æquation the ſigns do not go on alternately 
+ — + —, then two of the roots of the-zquation & — By? + C — 
Dx+A o will be impoſſible z but if all the roots of the firſt reſult- 
ing equation are politive, and at the ſame time one or more of the roots 
of the ſecond reſulting æquation are negative, that is, if in the firſt re- 
ſulting æquation the ſigns go on alternately + — + , and not fo in 
the ſecond reſulting. æquation, then will all the roots of the æquation 
x*t— BY +Cx* Dx + A =' be impoſſible. From whence flows 
the following Rules, ba: + by 1 : N 
I. If in any biquadratic æquation æ - Bx* + Cx* — Dx + Ao, the 
quamity 3B*— 8 C be poſitive, and at the ſame time C = 3 BDT 12A 


be greater than . and leſs than 


p £798 2 : | 
IPC 3 ee, a the root will be real. » 


u. i- DIe Abe lefs than BCE edn}? 


48 DD | 
40: BAT > 


poſitive,” and at the fame time C 3BD+12A or 39 is greater than 
. 57 — 2 r ap. ot 
DEED EDI SIDED which about 38, and les nn 


* 


ee — 7 —3C 5 f b, = the ryan 8, 
the” equation wilt be"real, 3 
©; In the biquadratic equation x. 4 + N -A +1 s becauſe 
C —3 BDT 12 A or — 11'is negative, therefore two of the roots are 
poſſible, and two impoſſible. - AS 1 1d Xin 
Becauſe in the æquation x*— 3 x%=þ- 5.x? 
or — 13 is negative, and at the ſame time C*— 3BD + 12 A or 13 
is greater t] S 27 ABTD72A C+27 Bi n: * 


— 7, 


We reader is defired to take natice, that the preceding paper in 6 XI written 


# SV 
5 
My. George Campbell, is not in the Philoſophical Tranſa&ions, and was never printed ti 
| XI. THE 


Cuae. I. Of negativo-affirmative Arithmetic. 


XII. HE uſefulneſs of this arithmetic conſiſts in this, that it 

| | performs all the operations with more eaſe and expedition 

than the common affirmative arithmetic, eſpecially in large num- 

bers: and it differs from the common anthmetic chiefly in this, 

that it admits of negative figures promiſcuouſly with the affirmative. 

Theſe negative figures are diſtinguiſh'd from the affirmative, by the 
fign - placed over them. Thus 3$709286;73961472 is one of theſe 
kit, which may be converted into its equivalent common num- 
ber 230872643 2039468, in this manner: 


3009006503000470 
0700280070961002 _ 
| _ © 2308726432039468 © . 
| (1.) Write down all the affirmative figures by themſelves, put- 
ing a cy pher in the place of every negative figure. (2.) Write down 
/ all the negative figures by themſelves, putting a cypher in the place 
of every affirmative figure. (3.) Subtract the laſt number from the 
firſt, and the remainder will be a, common number, equivalent to 
the given negativo-affirmative number. See the operation above. 


Bur the readieſt practical way, of performing this reduction in any 


given number, will be in this manner: begin at the left hand; and 
going over all the figures in order, obſerve theſe rules. (1.) An af- 
— figure before a negative muſt be diminiſh'd by an unit. 
(2.) A negative figure before an affirmative, muſt be changed into 
its complement to 10. (3.); A negative figu before a negative, 
muſt be changed into its complement to 9. All ther figures muſt 
remain unchanged, and a cypher is always to be ſtood where 
there is no ſignificant figure. The f of the cypher 1s neglected 3 
but where there is occaſion to conſider it, it is always ſuppos'd the 
fame as the ſign of che following figure, Thus the, negativo-affr- 
mative number 72958645598 8001730 is immediately reduC'd to 
7103883459779 98330; and ſo of all others 
But on the contrary, common numbers may be reduced to ne- 
8 numbers a great variety of ways, by ſubſtituting in- 
ead of the figures 1, 2, 3, 4, 5, 6, 7, 8, 9, ir reſpective values 


I a% 
* 


19, is, K 


| 16, 15, 14, 13, 13, 11, in any places at pleaſure. 
But the moſt uſeful reduction of this kind is what I call a reduction to 


.** {mall figures,” which conſiſts in throwing out all the large figures 
9, 8, 7, © their room 


, out of any given number, and introducing in 
the equivalent ſmall figures 11, 12, 13, 14, reſpectively. Thus 
182937462 may be reduc'd to 223143542, conſiſting only of ſmall 
rules following. | h | 

IF 


O 2 „ (..) A 


— | : : 


8 
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b low, both in whole numbers and decimal fractions. 


be eſteemed either large or — aecording as the figure followi 


ted as inconſiderable, and infinuated by the mark &c. Alfo the 


. teger is either affirmative or negative, according as the faid firſt 
figure ſtands in integral or fractional places. The example f mme- 


operations to be 


Ferving the hom of places, as in common numbers. Then 
beginning at the right hand, collect the figures in the firſt row or 


neath: and ſo ſucceſſively of all the columns, as in ex- 
ample 1. 


the homogeneity of places, and then the ſam may be co 
again. But to fave this trouble, it will de fufficient to reſerve the 6 


valents, where there is occaſion. 
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(1.) A ſmall figure before a large figure _—— be — om dry 5 
unit. (2. ) A large figure before a large —. 
its negative complement to 9. (3.) A —4— Ko before a — 
figure muſt be changed into —_ — — complement to 10. Other 
figures are not to be — will be ambiguous, being 4 


hn S 
= 23 "x 


either large or ſmall. Some examples of this bein ſhall here 


HS 2_ = R8R9VÞ as 


7295289607399 = 1331531041340043 


— — = = - * 8 


9260872 396, 87294 11347132404, 13314 


Or (9) 926087239587294 = (10) 1134113240413314 

(m) 387916407953, &c. = (m) 412124412153, &c. 
It is to be obſerved, that in this laſt Exam __ the numbers are 
what I call ** interminate,” or approximations o that is, the firſt 


and moſt valuable figures are expreſs d, and all the reft (whether 
finite or infinite in number, whether known or unknown ) are omit- 


37068259764 = 43132340244 


index m before the number ſtands for ſome integer, expreſſing the 
diftance of the firſt figure 3 or 4 from the place of units; which in- 


diately before is a particular inſtance of this. 
And thus much by way of notation : v0 proceed therefore to the 
A Cote with theſe numbers, whether reduced to 
ſmall figures or not; and firſt of addition. 
Place the numbers to be added juſt under one another, ob- 


column, according to their * and place the reſult — 


But if at any time this reſult cannot 2 by a a ſingle 
figure, it may be writ down with two or more figures, obſerving 
collected over 


figure in mind which belongs to the next column, and collect it 


with the figures of that column; as in exa 3 2, 3. 


If the numbers to be added are red to ſmall n 
example 3, their addition will be very ſimple, and the ſum may 
alſo be exhibited in ſmall figures, by » an caſy kan of equi 


4225 . 
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(J.) , (2.) 
257384263 647039882 
8 709821370 498273651 
n= 1807305 594037655 
953364212 : 1864643894 
(3. 


(m) 2153140431213, Kc. 
(n) 5042031425512, &c. 
(m-1) 431023102413, &c. 
(G 57342110321, &c. 


(m-3) 21 3042 1032, &c. : 
(m-4) I 32021224, &c. $ 
(m-5) I 32243 15, &c. 


(m+1) 13333214134312, &c. 


Subtraction in this arithmetic is reduced to addition, by N 
all the ſigns of the number to be ſubtracted. 


Thus, if from (un) 72931429637, &c. we are to ſubtract 


(2-2) 810735926 &c. the. remainder will be found as in ex- 
ample 4. 


(4.) 
@) 72938429637, &c. * 
bra) 810738926 &. 85 
0 73747154343; & . a | 
Thus in all caſcs will addition and boss be eafity performed: f 


But the chief uſe of this method will be, to eaſe the trouble of prolix 
multiplications. And here, as well as in diviſion, the firſt and 
moſt valuable figures may be firſt found, and conſequently the pro- 
duct may N to as many places as ſhall be required, with- 
out findin y unneceſſary figures; which is a convenience not to 
be had in e way of multiplication. 


Let it be propoſed to multiply together the numbers $605729398 715 
and 389175836438 : which h reduced to ſmall figures will 


” « ww — 


eis and 411224344442. Write down theſe two 2 


J 


— 
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bers one under the other upon a ſlip of paper, with the figures at 
equal diſtances, and then cut them aſunder. Take either of the 
numbers for a multiplier, and place it over the other in an inverted 


poſition, ſo as its firſt figure may be juſt over the firſt figure of the 
multiplicand. | 


moveable multiplier 
ehbvpebutlly | 


PTS multiplicand 


 11414331401315, 


b I 
2  —_ 


1 4551791823498 64506206080 


86 


11113 1124 2632 1 2311 


2 


— product 4650861937096017072623 170 
Then multiply theſe two firſt figures together, and their product 
 (4*1=4) place underneath,” Then. move your multiplier a place 

forwarder , ſo that two of its firſt figures may be over two of the 
firſt figures of the multiplicand ; and collecting their two products 
(4xi+1x1=;5) put their reſult underneath in the next place. 
Move the multiplier a place forwarder; and collecting the three 
products (4x4+ix1 TINA is) put the reſult underneath, as 
in che example. Move the multiplier, and collect the four products 
(A Þ3x3+7x1Þ+2X1=11) which write underneath as before. 
And fo proceed by one ſtop at a time, as long as any figures of the 
multiplier can be over any figures. of the multiplicand. Laſtly, 
collect the product into one-line, which being reduced to a common 
number will be 3349141936903996927377170. . | 

From this proceſs it may be obſerved, that at every new ſituation 

of the moveable multiplier, thoſe figures only are to be 1 
together, each by each, as are found over one another. And this 
multiplication is to be perform'd, and the ſeveral products collected, 
according to the rules of ſpecious multiplication, wherein like ſigns 
will make +, and unlike figns will make — in the product. This will 
always make the products deſtroy one another, or at leaſt will depreſs 
and keep them low, and the figures themſelves being always ſmall, the 
teſult will be always ſmall, and often but a ſingle figure, which is the 
great compendium of this method. . "phe" 

When an approximation only is defired, or when the product is 
to be — to a given number of places, the operation may be con- 
tinued one place farther, in order to obtain fo many places true as are 
required. For ſeldom any correction extends beyond the place imme- 
.Qately atoregoing, and that is generally corrected but by an unit, and 


7 
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very often needs no correction at all; which will be of no ſmall conve- 
nience in the multiplication of decimal fractions. 


plication from the loweſt places, or from the right-hand, as is uſyal 

in common arithmetic, and then the correction may be carried on 

continually to the next place, and ſo the product may be always com- 

prehended in one line, without the uſe of any ſuperfluous figures. Of 

this I ſhall give an inſtance in the foregoing example. 
; 


, moveable multiplier 
d yypprpreltr 


9 „ @ayos 


multiplicand 


—— — — oy + -- 


1 | | 11414331401315 
1 3349141936903 996927377170 product 


Place the moveable multiplier inverted in ſuch a manner, as that its 
laſt figure 2 may be juſt over 5 the laſt figure of the multiplicand. 
Multiply theſe together (z x 5 = lo) and ſet down the laſt figure of the 
product © juſt under, reſerving the firſt figure 1 for the next place. 

hen move the multiplier a place forwarder, ſo that two of its Jaſt 
figures may be over two of the laſt figures of the multiplicand, and 
then multiplying and collecting you will have 1 + 2 x1 + 4X 5=17. 
Set down 7 in the next place of the product, and reſerve 1. At the 
next remove you will have 1 +7 x7 +4x1+4xX5=31. Set 
down 1 and ny 3 Then 3 +7 x 1 4X3 +4*X1+4%*5 
= 23 = 37. Set down 7 and carry 3, Thenz+2zx0o +4xx 
+4x3+7x*1+4x%5 = JAZ. Set down 7 and carry 1. And 
ſo proceed as long as there can be any figures over one another, and 
the product will be found as before. 

his way of multiplication is ſo eaſy, and may be made ſo familiar 

by a little practice, that it will be but little ſhort of multiplication by 

inſpection, and will doubtleſs ſeem very furprizing to thoſe who are only 

acquainted with the common tedious way of multiplication, eſpecially 

if we content ourſelves with a mental preparation ot the numbers given, 

or only mark thoſe figures that are to be changed, which by ſome pra- 
ctice is eaſily attained. Ta | 

The firſt of theſe two ways of multiplication will be moſt convenient 
for interminate numbers. As if we were to multiply (n) 307 149741 748, 
Sc. by (») 183609712649, Sc. the product will be found (mn) 

563956758222, Sc. as may appear from the proceſs following. 


29 15421801422 (c) 
| (m) 313150342352, Kc. 
n+») 644057958378, Ke. 


In this method we may (if we pleaſe) begin the proceſs of multi- 


103 


104 


againſt it. Add theſe two together according to the 


. 
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Here the index of the firſt figure of the product will be m + , or 


the ſum of the indexes of the given numbers; but it would have been 


m + 1-+ 1 if there had been any increaſe from the product of the two 
firſt figures, or if there had been any correction to have been made to 
the cypher, which is underſtood before the firſt figure of the product. 
When both the numbers to be multiplied are interminate, as in the 
laſt example, they ought to conſiſt of the ſame number of places, or 


- otherwiſe the greater number muſt be reduced to the leſſer, by cutting 


off the ſuperfluous places; and the product is not to be continued be- 


yond the ſame number of places. If but one of the numbers is inter- 
minate, the other muſt be reduced to the form of an interminate num- 


ber, either by cutting off the exceſs of places if it has more, or by ſup- 
plying or ſuppoſing cyphers, if it has fewer places than the interminate 
number. Then the ſame reſtrictions will take place as before. 

The method of diviſion in this arithmetic will not be ſo ſimple or 
expeditious as multiplication. After a trial of ſeveral ways, I think 
this following will be the moſt commodious. Reduce the dividend and 
diviſor to ſmall figures, and form a tariffa or table of all the multi- 
5 of the diviſor as far as g. Compare theſe multiples with the divi- 

end, and with the ſeveral remainders after the multiples have been 
ſubtracted, by which means you will diſcover the ſeveral ſmall figures 
and their ſigns, to be put ſucceſſively in the quotient. 

To form the table of multiples, ſet down the diviſor above, drawing 
a line, under which ſet down the diviſor over agen, putting over 


e for addition 
in ſmall figures, and put 2 over againſt their ſum. Add this laſt and 


che diviſor together, and put 3 over againſt their ſum. Then add this 


, 
[ 


laſt and the Aiviſor together, and put 4 over againſt their ſum. Laſtly, 


add this and the diviſor together, putting 5 over againſt their ſum. 


Thus will you have a table of all the multiples of the diviſor, as far as 
will be neceſſary. 


Thus for example, if (n) 563956758222, &c. = (m+n +1) 


1444043242222, &c. is to be divided by (u) 183609712649, &c. = 


602244103 I 3451, &c. the proceſs will be as here follows, by which the 
Juotient will be found () 3 13 1503423654. Kc. =(m) 307 149747 Kc. 


\ | 


TABLE of multiples. 
(n) 224410313451, &c. 
(n) 224410313451, &c. 
| (n) 433221425302, bc. 
| - ©) 551231142153, &c. 
i) 1334441251404, &c. 
I a+21) 1122051443245, &c- 
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Thus Nee = (m) 30, &c. When they are greater, then an 
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Now a little to illuſtrate this proceſs, it may be obſerved, that the 


dividend 144, &c. or 56, &c. being compared with the ſeveral 
multiples of the diviſor in the table, it is eaſily ved that 55, &c. 
makes the neareſt approach to ir, and therefore its correſpending 
figure 3 muſt be made the firſt figure of the quotient, which I place 
Juſt over. Under this I place its reſpective multiple, changing the 
ſigns and collecting, becauſe it ought to be ſubtracted. Then the 
3 . __ remainder 131, &c. being compared with the table, I find the neareſt 
5 to it (whether in exceſs or defect) to be 22, &c. or 18, &c. be- 
longing to 1. This therefore is made the ſecond figure of the quo- 
tient, and its multiple with the ſigns changed is placed under, and 
collected with the laſt inder. The reſult, or new remainder 
152, &c. that is — 152, &c.'or — 52, &c. being compared with 
the table, the neareſt multiple is 55, &c. belonging to 3, which 3 
therefore is made the next figure of the quotient, but with the ſign — | 
over it, becauſe this remainder is negative. And for this reaſon "4 9 
the mains 55, &c. is put down in its place without changing its x 
figns. The reſt of the proceſs will be obvious enough, and if any \ 
ſcruple ariſes about placing the numbers, it may eaſily be removed 
by alittle attention to their reſpective indexes. 
In f ivifion of interminate numbers, the ſame reſtrictions are to 
obtain, as Are already mention'd in multiplication. | 
And this may ſuffice for a ſhort ſummary of negativo-affirmative 
rithmetic, as to the ord: operations of addition, ſubtraction, 
pirat and diviſion. hat . ee may be had from 
hence in the extraction of roots, whether of pure or affected æqua- 
tions, I ſhall leave to future enquiry. 
P. S. If this arithmetic were in vulgar uſe (and it might ſoon be- 
come familiar to any one that is but a little converſant in ſpecious 
operations, in affirmative and negative numbers) it might be of good 1 
convenience to introduce it into the practice of logarithms, and to have f 
tables of logarithms, of logarithmic fines, tangents, ſecants, &c. com- 4 
uted in this arithmetic, or reduced to what I here call © ſmall figures.“ 
The admiſſion of negative figures into logarithmic arithmetic is at leaſt 
| as old as Oughtred, who made uſe of them to very good purpoſe as 
indexes to logarithms, in which he has been fince follow'd by others. 
| But the notion, I think, has been no farther proſecuted, tho fruitful : 
=: enough of conveniences. The advantage might become of much grea- | 
ter extent, if not only the indexes of logarithms, but any other of their q 
figures at pleaſure, were to be affirmative or negative, as occaſion re- [ 
Nr eſpecially when reduced to ſmall figures. This would make 
all computations by logarithms to be very ſhort, ſimple, and uniform; 
and the tables themſelves would proceed as regularly, and the numbers 
de as eaſily found and diſtinguiſh'd, as by the preſent tables. All ope- 
. rations 
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rations in proportions would be reduced to the ſingle addition of thre 
logarithms, by only changing the. ſigns of all the figures in. the firſt 
term of the analogy. This in ſome meaſure has been already put in 

ractice, by taking the arithmetical complement of the logarithm to 


ſubtracted; which indeed is noting elſe than making it to conſiſt of 


two commodious parts, a negative and affirmative, of which the n 7 
tive part is afterwards deſtroy'd by an equal affirmative number. Thi 
77 therefore is accounted for from hence, is farther purſued, 
and indeed is render*d univerſal, by accommodating it to all caſes in 
which it may be of any ſervice. And this may be reckon'd as another 
ſtep, tho' tacitly made, towards the: introduction of negativo-affirma- 


tive arithmetic into the uſe of logarithms ; which when compleated by 


proper tables, &c. thoſe artificial numbers will ſeem to want little elſe 
to carry them to their utmoſt perfection. 


XIII, Accounts of Books omitted. Tt 


* 


Geometria organica, ſive deſcriptio linearum curvarum univerſalis. #. 364. 5. 38. 


Auctore Colino Mac Laurin Matheſeos in Collegio novo Abredonenſi 
profeſſore & R. S. S. 


Harmonia menſurarum, five analyſis & ſyntheſis per rationum & an- 372. 5. 139 


gulorum menſuras promotz : accedunt alia opuſcula mathematica: per 
Rogerum Coteſium. Edidit & auxit Robertus Smith, Coll. Trin. 
Cantab. & R. S. S. aſtronomiæ & experimentalis philoſoph. poſt Co- 
teſium profeſſor, Cantabrigiæ 1722. in 4to. 
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I. Qlnce Torricelli firſt found that the mercury in an inverted tube was To meejure 
ts 
Mr. Pa 
different diſpoſitions of the air, in reſpect of ſerene fair weather, and of large; 
y, windy, or otherwiſe tempeſtuous weather; there have been ſe- Dr. E. , 
veral attempts and contrivances to make the minute variations thereof 2.366. 5. 11 
more ſenſible. And firſt the wheel barometer was thought of, which „ 


in æquilibrio with the hole column of air that was over it, and 
that the weight of the incumbent column was varigus, according to the 


certainly ſhews theſe variations with great exactneſs, but 1s 
for a fix'd ſtation, nor eaſy to be removed; which tie Proper 


quired for the principal uſe this inftrument is applicable'to, and which 


I would recommend it for 


The next tho t for this purpoſe was that of Mr. Hubin, deſcribed 
in Phil. Tranſ. Ne 184, who returning the tube of the as 


an inverted ſyphon, made a large dilatation in the aſcending leg thereof, 
wherein the mercury 


Pa 


; 


i 
f 
_ ——— —2E—. 
; 
| 


as its altitude in the other part thereof 
abated, 


* 
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abated, and è contra; o er this he drew ou a narrow laſs cane, which 
he filled with a tinged ſpiri and which being about fifteen times lighter 
| than mercury, would aſcend about fifteen times as much as the merc 

ll in the barometer fell. This, beſides that the ſpirit would dilate an 
contract itſelf with heat and cold, had the inconvenience of the for- 
mer, not to be eaſily removed without great danger of diſorder and 


JF 6 breaking, by reaſon of the ſmallneſs of the tube in which the ſpirit was 
: to riſe and _—m_ . \ 


This was ſucceeded by Dr. Hook's marine barometer, made of two 
thermometers, the one the common ſeal'd weather-glaſs, having no 
communication wit outward air, wherein the temper as to heat and 

cold was ſhewn by the Iwelling or ſhrinking of the included fpirit ; the 

other the old thermometer made with an inverted bolt-head, in whoſe 

globular part wis included air ſomewhat, rarer than the ambient, ſo as 

to make the liquor which was to riſe and fall in the ſhank of the bolt- 

head always to ſtand above the ſurface of the ſtagnum, into which its 

end was immerſed. This ſhew'd the heat of the air by its own dilata- 

tion; but at the ſame time the different preſſure of the atmoſphere mix- 

ed with it, ſo that the graduation of theſe two thermometers being ad- 

1.4. +: + Juſted to any given height of the mercury, they would at all times when 
the mercury. was at that height both ſhew the ſame degree of heat; but 

at other times hen the weight of the air was different, that difference 

would ſhew itſelf by the diſagreement of the degree of heat ſhew'd by 

mo ſupra them. This will be better underſtood from Ne 269 Þ of the tranſactions, 
I 


IT. T. II. wherein I have deſeribed this inſtrument at large. This tho? of admira- 


ble uſe at ſea to give timely notice of approaching bad weather, labours 
under the objection that it ſuppoſes the concave of the tubes of the ther- 

mometers to be cylinders, or of equal diameters throughout; and alſo 

that on account of heat and cold the air and ſpirit have a proportional 

dilatation and contraction; the firſt of which I take to be very hard to 

be found in ordinary glaſs canes, and the other I fear ſtill wants to be 

maſfjade out by authentic experiments 4107 aw c>.; 

' +, + + , Ms. Patrick at laſt contriv'd a barometer, by filling a ſmall glaſs cane 
141.1... about five foot long with mercury, and ſomewhat, but as little as may be, 
%. 1, tapering upwards towards its cloſe end, then inverting it without a ſtag- 
namt ciſtern, ſo much of the mercury as exceeds the length of the co- 
lumn the atmoſphere can then ſupport will drop off, and leave its length 

equal to the then preſent height < pk common barometer ; now when 

the barameter riſes this length in the cane becomes greater by the 
mercury's being re into the upper and narrower part of the 

tube; and when it falls, on the contrary it ſettles down into the wider 

part thereof and becomes ſhorter, being always the ſame in quantity. 

By this means as the angle of the concave cone of glaſs of which this 

tube conſiſts is ſmaller, the different ſituation of the mercury will up- 

on the alteration of the air's preſſure be nicely. ſhewn by very large 

fan 1 Now 
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Now the uſe I would apply this contrivance of the barometer to, is 
to meaſure by it the different levels of places too remote to be come 
at by the ordinary inſtruments for levelling with the certainty: one 
would defire. For this purpoſe let there be provided two ſinall glaſs 
canes as near as can be ſimilar, growing very little taper or ſmaller 
at the cloſed end, ſo that being inverted the mercury may be ſuſ- 
pended in them at the height it ought to have at the time of the expe- 
rimeat. Let that height be duly noted, and then aſcending the monu- 
ment or ſome ſuch edifice where the aſcent may be exactly meaſured, 
let the ſcales annexed be divided into parts by the deſcent of the mer- 
cury at every ten foot, in both the Taster, barometers, which I con- 
ceive may be ſo choſen as to make the diviſions very diſtinct and ſenſi- 
ble. Theſe thus prepared, when it is deſired to take the level of two 


diſtant places, let one of them be placed in the lower, place at a time 


when the mercury has the ſame height as when they were firſt inverted 
and graduated and let the other be carried to the higher place where 
it will be found to ſtand at that diviſion which anſwers. the elevation 
of that place above the other, the which had before been; found b 
meaſure in aſcending the monument. Thus may 90 foot aſcent, - whic 
makes but one tenth of an inch of mercury, be repreſented by two or 


three inches, or a ſpace capable of being divided into o parts; whereas 


if the) diſtance of the two places be 20 miles, a minute of a degree is 
equal to above 30 foot; and by the uſual ſights whether teleſcope or 
otherwiſe of your water levels, I fear it will be very hard to convey a 
true level without a greater error than one minute in the Whole. 45 
mit HAI the air thermometer is alſo a barometer, has been ob- 
| T ſerv'd long ago; and, becauſe. the liquor in it will riſe 
and fall, as well by the change of the weight of the air, as by the 
air's rarefaction by heat and cold, this inſtrument has no longer 
been made uſe of as a thermometer, and, in its ſtead, ſpirit of wine 
thermometers hermetically ſeal'd, have been us'd ever ſince. But 
becauſe the errors of the air thermometer, (or its difference from 
the ſpirit thermometer) depend only upon the change of the weight 
of the atmoſphere from what it was, when the two thermometers 
were ſet at * ſame degree of their reſpective ſcales; the late Dr. 
Hook contriv*d an inſtrument, that he call'd a marine barometer, 
made of a combination of the two abovemention'd., thermometers ; 
in ſuch manner, that a third ſcale being made uſe. of, to obſerve the 
difference of the two thermometers, thereby the change of the air's 
gravity, and conſequently ſtorms, rains, and fair weather, might be 
foretold at ſea, where the quickſilver barometer becomes uſeleſs: by 
the ſhaking of the ſhip. | | | 
The learned Dr. Halley has propoſed in the philoſophical tranſ- 
actions, Ne. 366. + Mr. Patrick's pendent barometer for taking the 
level of diſtant places, becauſe the mercury in the tube of the ſaid 
barometer does ſometimes riſe and fall a foot, or a foot and an 
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or a colder place, it will become hotter or colder, and the leaſt de- 
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half. If then the motion of the mercury in this barometer be five 
times more ſenſible than in the common one, a tenth of an inch of 


fall of the mercury, will anſwer to an height of 18 foot; and there- 


fore ſuch an inſtrument might be of uſe in taking the levels of di- 


ſtant places. But I know by many experiments that this will not 


anſwer in practice; becauſe as the tube of ſuch a barometer is of 
a very ſmall bore, the attraction of coheſion whereby the mercury 
is apt to adhere to the tube, will diſturb the motion of the mercury 
caus d by the different preſſure of the atmoſphere ; ſo that ſetting u 

this barometer ſeveral rimes ſucceſſively in the ſame place, it will 


often differ a tenth of an inch, or more; and if it be ſhaken, as 


is commonly done to ſet it right, the mercury will ſometimes part, 
and a drop of it fall from the reſt ; ſo that it is leſs to be depended 


upon for this uſe than the common barometer. 


Mr. Stephen Gray has often made a very ſenſible barometer, by 
fixing a tube A B of a very ſmall bore, and open at both ends in a 
bottle C B, and cementing it tight to the neck thereof C; then 
warming the bottle with the hand, to drive out ſome air, he im- 
merges the end A into water tinged with cochineal ; ſo that as the 
air cools in the bottle CB, ſome of the red water is forced into the 
bottle ; then ſetting it upright again, the liquor in it will ſtand at B, 
above the end of the tube, and that in the tube at D; but if it ſhould 


ſtand higher or lower than D, it may be brought to that place by | 


ſucking or blowing at A. If the inſtrument thus prepar'd, be firſt 
ſet on the ground, and a ſpringing ring of fine wire ſlipp'd on the 


tube down to D, by way of index, and then ſet upon any table, 
or other place ſcarce a yard higher, one may obſerve the liquor 
riſen ſenſibly. I have ſeen it riſe a quarter of an inch when the 
bottle was ſet but a yard higher than where it ſtood before; ſo 


that the column of atmoſphere that preſsd down the tube whilſt 
the machine was on the ground, being ſhorten'd only three foot, 


was ſo overbalanced by the expanſion of the air in the bottle at B, 


that the-liquor roſe a tenth of an inch above D. There is indeed a 
great uncertainty in this inſtrument ; for ſince it is a thermometer 
as well as a barometer, the warmth of the hand that touches it, or 
even comes near it will make it riſe, if the air in the bottle was cold 
before. Mr. Gray therefore contrived to put the bottle CB into 
the veſſel FE which he fill'd with ſand; that in raiſing the inſtru- 
ment and moving it up and down, the air in CB might continue 


in the ſame ſtate, and the machine be only a barometer during the 


experiment. 


This ſeems to bid fair for an inſtrument , whereby the different 
levels of places may be taken; but upon a nice examination it will 
be liable to error. For though ſand is not altered in its heat or cold 
ſuddenly; yet in. two or three hours, as it is carried into a warmer 
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is ſet upright by means of three ſcrews, ſuch as 3, 


* 


Cnae. II. A new contrivance for taking Levels. 


ree of heat or cold communicated to the air CB will aker the 
Feight of the liquor at D, when the inſtrument is made fo ſenſible 
as I have mentioned. Then if in carrying the inſtrument, it ſhould 
be accidentally inclin'd, as in fig. 55. ſo that the liquor in the bot- 
tle ſhould not cover the bottom of the tube at B, ſome liquor ma 
fall out of the tube at B, or ſome air may get into it: each of whic 
accidents will quite ſpoil the experiment. But if this machine be 
made portable without any inconveniency, and be ſecured againſt 
the action of heat and cold, or if the alterations by heat and cold 
be exactly allowed for, it would be of very great uſe and certainty 
in taking the levels of diſtant places, provided they be not ſo far 
diſtant from each other, that it requires above ſix hours time to 
carry the inſtrument from one place to another; nay, very diſtant 
places, even at two or three days journey from one another, may be 
taken tolerably well with two inſtruments nicely adjuſted to each 
other, if they be taken notice of by two obſervers at the ſame hour 
in fair weather, and when there is no wind. Now ſuch an inſtrument 
I hope I have contrived, whereby the difference of level of two 


places, which could not be taken in leſs than four or five days 


with the beſt teleſcope levels, may be taken in as few hours. 

To the ball C is joined a recurve tube BA of a very fine bore, 
with a ſmall bubble at top at A, whoſe upper part is open. It is 
evident from the make of this inſtrument, that if it be inclined in 
carrying, no prejudice will be done to the liquor, which will always 
be right, both in the ball and the tube, when the inftrument is fer up- 
right. If by heat the air at C be ſoexpanded as to drive the liquor 
to the top of the tube, the cavity A will receive the liquor which 
will come down again and ſettle at D, or near it, according to the 
level of the place where the inſtrument is, as ſoon as the air at C 
returns to the ſame tenor in reſpect to heat and cold. To preſerve 
the ſame degree of heat when the different obſervations are made, 
the machine is fix'd in a tin veſſel FE, fill'd with water up to g 
above the ball; and a very ſenſible thermometer has alſo its ball 
under water, that one may obſerve the liquor at D in each experi- 
ment, when the thermometer ſtands at the ſame height as before. 
The water is pour'd out when the inſtrument is carried, which one 
may do conveniently by means of the wooden frame of — 1 57. which 


a line and 
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Fig. 55. 


Fig. 56. 


Fig. 37. 


plummet pP. The 58 figure repreſents the machine ſeen in front Fig. 58. 


{uppoling the forepart of the tin veſſel tranſparent. And here the 
braſs ſocket of the recurve tube into which the ball is ſcrewed, has 
two wings at II fix'd to the bottom, that the ball may not break 


the tube by its endeavour to emerge when the water is pour'd in 
as high as gh. The back part of the wooden frame is repreſented - 


by fig 59. where from the piece at top K hangs the plummet P over 
a braſs point at N. M are brackets to make the upright 1 


Fig. 59. | 


Fig. 60, 
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K N continue at right angles with the horizontal one at N. The 
60 figure does likewiſe repreſent the wooden frame and ſcrews. 
After I had contrived this machine, I conſidered, that as the tube 
is of a very ſmall bore, if the liquor ſhould rife into the ball A in car- 
ry ing the inſtrument from one place to another, ſome of it would ſtick 
to the ſides of the ball A, and that upon its deſcent in making the ex- 
riment ſo- much might be left behind, that the liquor would not be 
igh enough at D to ſhew thedifference of level; therefore to prevent 
that inconveniency, I have contrived a blank ſcrew to ſhut up the hole 
at A (fig. 57 and 58) as ſoon as pne experiment 1s made, that in carry- 
ing the engine the air in A may balance that in C, fo that the liquor 
ſhall not run-up and down the tube, whatever heat and cold may act 
upon the inſtrument in going from one place to another. Now becauſe 
one experiment being made in the morning the water may be ſo cold, 
that when a ſecond experiment is made at noon the water cannot be 
brought to the ſame degree of cold that it had in the morning ; there- 
fore in making the firſt experiment warm water muſt be mixed with 
the cold; and when the water has ſtood ſome time, before it comes to 
be as cold as it is likely to be at the warmeſt part of that day, obſerve 
and ſet down the degree of the thermometer at which the ſpirit ſtands; 


and likewiſe the degree of the water in the barometer at D; then ſcrew = 


on the cap at A, pour out the water, and carry the inſtrument to the 


place whoſe level you would know; there pour in your water, and 
hen the thermometer is come to the ſame degree as before, open the 


ſcrew at top and obſerye the liquor in the barometer. | 15 
My ſcale ſor the barometer is ten inches long, and divided into tenths, 
ſo that ſuch an inſtrument will ſerve for any heights not exceeding ten 
foot, each tenth of an inch anſwering to a foot of height. NM. B. I have 
not made any allowance for the decreaſe of denſity in the air, becauſe I 
don't propoſe this machine for meaſuring mountains, tho? with proper 


allowance for the decreaſing denſity of the air it will do very well, but 


for heights to be known in gardens, plantations, and the conduct of 


water; where an experiment that anſwers to two or three foot in a di- 


ſtance of twenty miles will render this a very uſeful inſtrument. 

III. H E height of mountains and their elevation above the level 
aof the ſea hath been at all times thought worthy the attentio 
of inquiſitive philoſophers. For we find in Pliny “ that Dierarehe 
one of Ariſtotle's diſciples, and a man of great learning, had by parti- 


cular order of ſome princes meaſured the heights of ſeveral mountains, 


and that the higheſt of them, mount Pelius in Theſſaly, was found by 
his obſervations 1250 paces high perpendicularly. Cleomedes alſo a 


. Grecian aſtronomer and geographer, who lived ſome time before our 


ſaviour's nativity, aſſerts that the higheſt mountain cannot be above 
15 ſtadia or 9375 roman feet high. But Plutarch t fixes the perpendi- 
Hit. nat. I. xi. c. 65, + Cyclicz theon cap. x. f In vita Emili. 
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cular height of the higheſt mountains, as alſo the greateſt depth of the 
ſea, only to 10 ſtadia, or 6250 roman feet. It will appear by the ſe- 
quel of this paper that the height of mountains as determined by theſe 
early writers, doth not ſo very much deviate from truth as one would 
be apt to ſuſpect from the infant ſtate of arts and ſciences in thoſe times. 
4 Particularly the 15 ſtadia of Cleomedes, which make out 9375 Roman, 
3 or 10,214 Paris feer, will be found by the following obſervations to 
come very near the height of the mountains of Swiſſerland, which altho' 
the higheſt of Europe do not riſe above 10000 Paris feet above the level 
of the ſea; and it may ſeem ſurprizing that ſubſequent writers, even 
ſuch as were otherwiſe deeply ſxill'd in mathematical learning, have run 
them up to an extravagant and altogether unnatural height. At firſt it is 
not improbable they went only upon bare conjectures ; but afterwards 
when geometry came to be more and more improved, quadrants, ſemi- 
circles and other geometrical inſtruments were call'd in uſe, by the 
means of which, and by a trigonometrical calculation, the heights of 
places could be determined in a more ſatisfactory manner. And yet 
however true the principles be, upon which this method is founded, 
- however nice the inſtruments, and however curious the obſerver, the 
method itſelf muſt be owned, and hath been tound by undoubred expe- 
b riments, to fall ſhort of that accuracy which it ſeems to promiſe ; and 
i! the more conſiderable the heights are the more uncertain it will be. For 
. in the firſt place, as the ſtate of the air is very different in different ſea- 
7 ſons and different weather, its refraction alſo becomes thereby greatly 
altered, which occaſions the tops of mountains to appear higher at 
I ſome times than they do at others, and at all times higher than they 
a actually are. But beſides there is another inconveniency, which, who- 
F ever is acquainted with the true ſtate of mountainous countries, muſt 
needs be ſenſible of, and that is the extream difficulty of meeting at the 
bottom of high mountains with plains large enough for a proper hori- 
1 zontal ſtand or baſis to ſuch a triangle as an accurate and knowing ob- 
EN ſerver would think ſatisfactory to determine a conſiderable height, ma- 
ing even proper allowances for the air's refraction. 
J Among the many improvements in natural philoſophy which are 
3 owing to the Toricellian tube, one of the moſt conſiderable inventions of 
the laſt century, it hath been thereby enriched with a new method of 
meaſuring the reſpective heights of places, and their elevation above the 
level of the ſea ; which altho? it hath not hitherto, and perhaps conſi- 
dering the inconſtancy of the air, hardly ever will be brought to an 
abſolute degree of certainty, is yet in many reſpects preferable to the 
trigonometrical one, as it hath. alſo been found by experience to come 
nearer the truth, and leads us by a new and ſingular ſcale from the very 
horizon of the ſea to the tops of the higheſt mountains, a diſtance far 
beyond the reach of geometrical inſtruments. This new method is 
grounded upon that eſſential quality of the air its gravity or preſſure. 
As the column of TY in the barometer is counterpoiſed by a co- 
Q ; . 


Vox. VI. Pax I. lumn 


114 The barometrical method of meaſuring Parr I, 


lumn of air of equal weight, ſo whatever cauſes will make the air hea- 
vier or lighter, its preſſure will be thereby increaſed or leſſened, and 
conſequently the mercury riſe or fall. Again the air is more or leſs 
condenſed or expanded in proportion to the weight or force which preſ- 
ſes it; hence it js that in England, Holland, the maritime provinces of 
France, and in general all thoſe countries which border upon the ſea, 
the mercury ſtands higheſt, that the higher you remove from the ſea 
into the midland countries, the lower the mercury will deſcend, becauſe 
the air alſo becomes more rarified and lighter ; and that upon the tops 
of the higheſt mountains it falls loweſt 3 and theſe heights of the mer- 
cury in different places are reciprocally as the expanſions of the air. 
From theſe principles, ſupported by a competent number of obſerva- 
tions, it hath been attempted by ſeveral learned men to derive proper 
tables, whereby the height of any place may be determined if the height 
| of the barometer be given, or the height of the barometer determined 
| om the given altitude of the place, and likewiſe the expanſions of the 
«ſettled as they anſwer to every inch or part of an inch in the barometer. 
I paſs over the firſt experiment of this kind, which was made in the 
ear 1648 by Mons Perier, according to the directions of the cele- 
rated Mons Paſcal, his brother-in-law, upon the high mountain 
Puy de Domme near Clermont in Auvergne, the height whereof was 
thereby determined to 500 French toiſes or 3000 Paris feet. Nor will 
my preſent purpoſe admit a particular enumeration of thoſe made ſome 
time after, in 1661, 1665, and 1666, by George Sinclair profeſſor of 
philoſophy in the univerſity of Glaſgow, upon the cathedral of that uni- 
verſity, upon ſeveral high mountains in Scotland, and likewiſe in ſome 
wells and coal-pits. I will only obſerve that theſe experiments of Sin- 
clair as well as that of Mons? Perier, were intended not fo much to lay 
the foundation of a calculation whereby to determine the differing heights 
of places, as to prove the gravity and preſſure of the air, a problem very 
much controverted at that time, and to ſhew that the ſame is much more 
conſiderable in valleys than at the top of mountains, and ſtill greater in 
proportion at the bottom of wells, mines, c. But this matter was 
purſued ſtill farther by the members of the royal academy of ſciences at 
Paris, particularly when by order of Lewis XIV they drew that expen- 
five meridian line acroſs the whole kingdom of France. M. Mariotte 
_ celebrated member of that academy was one of the firſt that laid down 
certain rules for the conſtruction of ſuch tables, as might ſerve to deter- 
mine both the elevation of places above the level of the ſea from given 
altitudes of mercury, and the heights of the air anſwering to every line 
of mercury in the barometer from 287, where the mercury was ſuppoſed 
to ſtand at a medium near the ſea. The principles he went upon, 
the method he followed, he diſcourſed of at large in his © ſecond effay de 
la nature de 1 air.“ Some time after in 1686 the ingenious Dr. Edmund 
Sr. 2 Halley went about another calculation, t which he derived partly from 
1 Phil. Tranſ. Ne 181. p. 104. 9 | 
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principles agreeing with thoſe of M. Mariotte, partly from the ſpecific 
weight of air and mercury, which were found by experiments to be as 1 
to 10, 800; air being to water as 1 to $co, and water to mercury as 1 
to 13 ;, or very near it. If ſo, ag the column of mercury in the baro- 


meter is counterpoiſed by a column of air of equal weight, a cylinder of 


air of 10,800 inches or 900 feet will be equa] to one inch of mercury, 
and 99 feet to 7+ of an inch, or 75 to 77 part of it. The height of the 
air as it anſwers to one inch of mercury being thus determined, and the 
expanſions of the air being reciprocally as the heights of mercury, 
8 by the help of the hyperbola and its aſymptotes calculated 
rwo 


bles, one ſnewing the altitude to given heights of mercury, the 


other the heights of mercury at given altitudes. 

In the year 1703 when the meridian line, firſt begun oy M. Picard 
in 1669, afterwards continued in 1683, was farther purſued, ſeveral 
obſervations of this kind were made, and the heights of ſeveral conſide- 
rable mountains particularly in the ſouthern parts of France determined 
as well by trigonometrical as barometrical obſervations. tr ar Caſ- 
ſini the younger took that opportunity to compare thefe obſervations 
with the rules laid down by M. Mariotte , conform to which he cal- 
culated two tables, one ſhewing the height of the atmoſphere as it an- 
ſwers to every line of mercury in the barometer, the other determining 
the height of the atmoſphere above the level of the ſea at given altitudes 
of mercury. But having afterwards upon compariſon found that the 
obſervations made in 1703 did not in the main agree with theſe rules, 
and that the heights of places as they appeared by thoſe obſervations, 
exceeded generally ſpeaking the numbers reſulting from the tables made 
by him according to the ſaid rules, he thought it neceſſary to calcu- 
late two new ones, wherein indeed the reſults are conſiderably greater 
than in the tables framed according to the rules of M. Mariotte ; inſo- 
much that a place where the mercury falls to 22 inches, riſes above the 
level of the ſea according to Mariotte 852 toiſes, or 5112 Paris feet; 
and according to Caſſini 1158 toiſes, or 6948 feet, which makes a dif- 
ference of 1836 Paris feet, or 306 toiſes. Dr. Deſaguliers in his diſ- 
ſertation concerning the figure of the earth T hath already ſhewn how far 
the obſervations made by the gentlemen that drew the meridian acroſs 
the kingdom of France differ from each other ; inſomuch that there are 
not two in nine where the number of toiſes ſaid to correſpond to the 
heights of the barometer agree together; and that conſequently the 
heights of mountains as determined by theſe obſervations are little to 
be depended on. 

My father Dr. J. J. Scheuchzer in his journies over the mountains of 
Swiſlerland, made ſeveral experiments with the barometer at different 
times and on different. mountains, to mention all which would be too 
tedious. But my delign in this paper requires me to be particular in 
one, which for the height meaſured both with the line and barometer is 

* Memoires de P Acad. royale 1705. p. Gr. & ſeq. f Phil. tranſ. Ne 386, b. 211. 
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q = I believe the moſt conſiderable that ever-was made, and which enabled 
him more particularly to examine the two tables made by Caſſini the 
| . younger, according to the rules of Mr. Mariotte, and the obſervations 
made by him and others when the meridian line was perfected in 1703. 
1 This curious experiment was made in the year 1709 at Pfeffers a cele- 
| | -* brated mineral water in the county. of Sargans, at the bottom and top 
| 1 of a mountain which riſes from a ſmall brook called the Taminna, to the 
| | height of 714 Paris feet, as appeared by letting a line drop down per- 
pendicularly from a tree at top full to the bottom. At the bottom of 

this mountain near the Taminna the mercury was by repeated experi- 

ments obſerved at 25!', 9 ;/, and at the top it E @r to 24'!, 11 4! 
ſo that it fell juſt 10 lines for 714 feet, which gives about 71 Paris feet 
for a line, if the heights anſwering to every line were ſuppoſed to be 

ual, ka fil | 
* have made uſe in this paper of Paris meaſure, namely, of 

toiſes feet inches and lines“. Every toiſe is reckoned at fix 
_ the foot is divided into twelve inches, and the inch into twelve 

ines. ia | 7 211 

The | heights of the barometer! at the bottom and top of the 

mountain being thus given, the height of it ſhould be according to 

M. Mariotte, 116, o', 8”, 11“, or 696 Pans feet, 8”, 11“, which 

- | falls 17, 3”, 1“, ſhort of the true height; and according to Caſſini 
| 153* 3', 8”, that is 921 Paris feet, 8”, which exceeds the true 
height by 207 Paris feet, 8 inches; whereby it appears, that the 

table made according to the rules of Mariotte is much preferable 

to that of Caſſini the younger. The ſame was likewiſe confirmed by 
another experiment made in June 1713, upon the ſteeple of our 

cathedral at Zurich. At the foot of the ſteeple the barometer ſtood 
at 26”, 100% and at the top at 26“, 6+ ö; and the height of 
the ſteeple was found by the line of 241 Paris feet, 4 inches, wifich 
gives very near 69 Paris feet for one line. According to the table 

| of Mariotte, the height of the ſteeple ſhould; have been of 237 
Paris feet; according to Caſſini, 265; and according to the new 
1+... - - calculation (of which by and by) made purſuant to the experiments 
| above, it comes to 243®, 16“, 2“ or about two foot more than the 

true height. H nen . | 

It appearing, by the experiments made at Pfeffers, that from 25”, 
93 the barometer deſcends to 24“, 114 „ that is juſt 10 lines 
tor the height of 714 feet, and the expanſions of the air being 
reciprocally as the heights of mercury, my uncle Dr. John 
Scheuchzer undertook , purſuant to - theſe principles and the pro- 


perties of the hyperbola, to calculate a new table, after the follow- 
ing method. l ni | 
Sj | —_ 4 
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As the difference of Is to foot, So the diffetence To the height of ß 


the logarithms of of the logarithms the atmoſphere 
the two given of the height of above the level 
heights of the Ba- mercury near the of the ſea, as it - 
rometer 25” 97” ſea, 28" 1“ to any anſwers to one 
j and 24” 117; that lefler height, as line of mercury, 
is 309 7 and 299 7, for | inſtance 28“ is | 
or o“, that is, 337 
— 336, or | 
928 — 898 1011 —-1008 
142717 714 12906 04% 6:, 5” 


Thus the height of the atmoſphere at 28“ appears to be of 
10, 4, 6“, 9“; but according to Mariotte, it is only of 10%, 37, 
or 63 feet; and Caſſini ſuppoſes it only at 10˙, or 60 feet. 


In like manner the height of the atmoſphere, from 28", o, to 


27”, 11” is found to be 64, 9“, 2“. According to the ſame. 


rule half the height of the atmoſphere, that is the height of the 
place where the mercury in the barometer would deſcend to 14 
inches, appears to be 15060', 3“, o”, or 2510% o, 3“, o“. 
1 Still upon the ſame principle the mercury will deſcend to one 
line at the height of 133,397 Paris feet above the level of the ſea, 
which make 22,232 toiſes, 45 feet, or 11 Paris miles ( at 2000 
5 toiſes the mile) 232 toiſes, 5 feet. But as in order to determine 
the whole height of the atmoſphere, the logarithm of 1“ ought 
to be deducted from the logarithm of 336“ or 28” 0%, and as 
that logarithm is 00000, it follows from thence, that beyond the 
place where the mercury would "Veſcend to 1“ the air is ex- 
panded into an indefinite ſpace. | 
For the fatisfaction of the curious I have added the tables | 
themſelves F, to wit thoſe which Caſſini the younger calculated ac- . vide p, 
cording to the rules of Mariotte, thoſe which he deduced” from (723.1 
the obſervations made by the gentlemen of the royal academy of 
ſciences, who drew the meridian line, and thoſe which my uncle 
calculated from the obſervation made at Pfeffers in 1709. 
III. 2 HE celebrated Galileus de Galileis is one of the moſt xn, on 
| modeſt among the modern writers on this head: for he the height of 
ſays, ' * that the highelt mountains do not riſe above a mile or , - 
8 ſtadia, or 5000 old Roman Veſpaſian feet, which make 5458 Paris theſe of 
feet above the level of the ſea, which we ſhalt-find by and by to Swiſſerland i» 
agree pretty well with ſome of the higheſt mountains in France, Pariiar, ty 
and may conjecture to do ſo with thoſe in Italy. Kepler went rather 46/5 
too far | when he aſſigned the mountains of Rhœtia (thought December, 
_ * Nuntius Sidereus, p. 14- 2 pr 1 
| 7 Aftronom. optic. p. 129, 135. & epitom. aſtronom. lib. I. pag. 26. | 
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the higheſt in Swiſſerland) a height of 26 ſtadia or 10000 old 
Roman Veſpaſian feet, which make' 10916 Paris feet. The opi- 
nions of ſome other antient and modern geographers and mathe- 
maticians will appear better by the table annexed. 


A' table ſhewing the height of mountains according to ſeveral an- 
| tient and modern writers. | 
Stadia. Old Ro- * 
man Ve- 


ſpaſian 
c. 


higheſt mountain, called by him Petra . 30 187 20468 
Sogdiana, is of — —. — — — c i 
Pererius Lib. XII. in geneſin determines 


| 
4 


the higheſt mountains to — — — | with i Jars 
—_ as 1 ygen 11-617 gy pe 22500 | 23661 


ca 
Ath. Kircher. Ars n. luc. & umbr. | 2 
P. II. Probl. 5. 22 — — F 43 [20875 | 29337 
Fromond. lib. I. Meteor. cap. 2. art. 1. —}{ 64 |40000 | 43664 
Gilbertus de magnete. L. IV. c. . — —|128 [80000 | 87328 
Pliny Lib. III. cap. 64. according to the N 
Explanation of Fortunius Licetus (de ( 
Lunæ luce ſubobſcura, Lib. II. p. 306.) 
to _ — — — * f 
jociolus, Geogr. Lib. VI. is of opinion, | 
in purſuance of what he imagines to have, | | | 
demonſtrated of the mountains Athos | 512 | 320000] 349312 


and Caucaſus, that poſſibly there may 
mountains of ——  — — *\ | "BR 


Now in oppoſition to this table, wherein the heights muſt needs 
upon firſt view appear romantick and unnatural, let us conſider the 
height of ſuch mountains as have been meaſured either by trigo- 
nometrical or barometrical obſervations. - | 

In England the height of Snowdon-hill one of the higheſt moun- 
tains in Wales, was meaſured trigonometrically by Mr. J. Caſwell 
of Oxtord, and found to be of 1240 yards or 3720 Engliſh feet, 
which make 3488 Paris feet. At the top of this mountain the 
mercury ſubſided to 25” 6”. which being reduced to Paris meaſure 
make juſt 24”. Now in the tables above the height of the place 
where the mercury ſubſides to 24.” is according to Mariotte of 544 
toiſes, two foot, or 3266 foot above the level of the ſea : according 
to Caſſini 676 toiſes, or 4056 feet; and according to my uncle's 
calculation 3895, 2', or 33567; ſo that Mariotte comes 222 feet ſhort 
of its height, as it was determined trignometrically; Dr. W 

| | ut 
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but 132/ ; but Caſſini exceeds this height by 568 feet; which cen- 
firms again, as I have ſhewn in a former paper, that the Mariot- 
tian table is preferable to that of Caſſini, though pretended to have 
been corrected upon the former, and that that of Dr. Scheuchzer 
is an improvement upon both, According to the obſervation made 
by Dr. Halley, * May 26. 1697, the mercury ſtood at the top of 
Snowden-hill at 26/1“ Engliſh, which if reduced as above, would 
give the height of the mountain ſomething leſs. 

In France, when the meridian line firſt begun in 1669 was con- 
tinued in 1703, the heights of ſeveral mountains particularly in 
the ſouth of France were determined trigonometrically by the mem- 
bers wells ro - SNP of ſciences: and I find in en memoirs 
the heights of the wing. * 


Height m 
toiſes. feet 
Mont Clairet in Provence — == — = — 277 or 1662 
La Maſſane in Rouſſillon — — — — — 397 — 2382 
The ſame according to another obſervation — — 408 — 2448 
Bugarach a mountain in Languedoe — — — 648 — 3888 
Mountains in Verge. 
Le Puy de Domme near Clermont — — 810 — 4860 
La —— — — — — — 838 — 5088 
La Coſte — — — — — 8351 — 5106 
Le Foy e Violoue — — — 853 — g118 
Le C 25 —U— —— ᷑Fw—N — . 
Le None d or — — — — 1030 — 6180 
In unty of Avignon. 
Le Mont ventoux — = 


Pyrenean Mountains. | 
S. Barthelemy dans le paix de fors — 1185 — 7110 
La Montagne du n — — 


— 1258 — 7548 
Le Canigou — — 1440 — 86 


40 

Before 1 proceed farther I muſt beg leave to obſerve, that the heights 
of theſe mountains in the main ſeem rather too great. This indeed is 
eaſily accounted for, as they were meaſured by trigonometrical obſerva- 
tions, which as I have obſerved above, will” becauſe of the air's 
refraction, give the heights greater than they actually are. But what 
confirms it ſtill more is, that according to the tables above, the numbers 
which anſwer to the heights of the mercury, as they were obſerved at 
the top of ſome of thoſe mountains are conſiderably leſs, and that even 
monſieur Caſſini's own numbers which yet we have by ſome undoubted 


experiments ſhewn to be too great fall often ſhort. It will be enough to 


mention two or three inſtances. At the tower of Maſſane in Rouſſillon 


the mercury ſtood at 23“ //, and the height of that place was deter- 
mined trigonometrically of — ==, — — — 297 toiſcs, 


No 


— — 1036 — 6216 


119 


* Vide ſupra 
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Now 25!' f/ anſwer according to Mariotte to -— — 3429. © 
According to Caſſini —— — '— —' — 392. 4 
According to Dr. Scheuchzer — — — — — 350. 5 
At the top of the mountain called la Coſte in Auvergne the mercury 
ſtood, O#. 9, 1700, at 23"! 4/'!, and the height of this mountain was 
determined trigonometrically of — — 851? Toiſes. 

Now 23"! 4% anſwer according to q 6 


22 qt . 0 1 

riotte to —— — — 5 4 differ 2067 5 

Gaal — —— — — —826 0 : 25 0 

Dr. Scheuchzer — — — — 661 5 189 1 

The difference is pombe with regard 

to the high mountain Mont d' or en Auvergne, 2 

the kr, whereof was determined trigonometri-C g toiſes. 

CALLY — — — — —— 

At the top of this mountain the mercury fell, according to an obſer- 

vation made by F. Sebaſtien Truchet, June 8, 1705,to 22011 /, which 

anſwer according to 1 RYE, 

-Mariotte'to — — — 50% 5 332* 17 

Caſſini -to-- ——- — — 925 1 dear. 114 5 
Dr. Scheuchzer— — 727 312: 3 

I come now to the mountains of Swiſſerland. The barometrical ob- 


ſervations made by my father upon ſeveral of the higheſt will convince 


us that they riſe aloft above all the neighbouring ones in France, Spain, 
Italy and Germany. And that it muſt be ſo appears farther, becauſe 


from their elevated tops they diſpenſe their waters to all the European 


kingdoms and provinces around them; nay I doubt not but that they 
may vye in height with the moſt conſiderable mountains in any other 
part of the known globe. Swiſlerland itſelf I mean its valleys and lower 
parts as they are conſiderably remote from the ſea, riſe alſo in propor- 


tion above the level of it; it is true the aſcent thither is but. gradual in 


proportion to the remoteneſs. At Zuric for inſtance which lies towards 
the northern borders of Swiſſerland, the, mean height of the barometer 
hath been obſerved of 26!! 5, which gives the elevatipn of that town 
above the level of the ſea according to Mariotte 205 dolles, 4 foot, or 
12340; according to Dr. Scheuchzer 210% , or 12647; and according 
to Caſſini 2214, or 1330“. This town is diſtant from the mouth of 
the Rhine which is the neareſt part of the ocean at leaſt 375 Engliſh 
miles, or an hundred marine French leagues, and from Genoa which is 
neareſt upon the mediterranean 225 Engliſh miles or 62 French marine 


leagues. So that going down from Zuric northwards towards the ſea 


the deſcent or fall is but ſomething more than 12 foot for a marine 
league of France, if we ſuppoſe a ſtrait line to be drawn from Zuric 
to the ſca-ſhore. in Holland; but it is much greater going ſouthward 
towards the mediterranean, where it comes at leaſt to 20 foot for one 
league. Nay if we conſider · that the higheſt mountains of Swiſſerland 
lie almoſt directly between Zuric and the mediterranean ſhores, we muſt 
91 RES allow 
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allow ſo much more in proportion as thoſe mountains are elevated above 
the horizon of Zuric, and how great and ſudden this elevation is, will 
appear by the following obſervations. | 

At Ennen Sewen gen Aweren in the aſcent of the high mountain Frey- 
berg in the canton of Glarus which lies ſouth-eaſt of Zuric, the merc 


was obſerved Sept. 11. 1710. at 23'' 10%, which gives the height of 


that place above the level of the ſea according to 
ariotte — — — — — 6069 2! or 34167 
Dr. Scheuchzer — — — — 584 4 — 3508 
Caſſini — — — — — 712 3 — 4275 
Upon Scherf one of the branches of the Freyberg, the mercury fell 
Sept. 12. 1710. to 21”! 8/1, which gives the height of that part of the 
mountain according to | 
Mariotte — — == — — 906 1' or 5437! 
Dr. Scheuchzer — — — — 931 2 — 5588 
Caſſini — — — == — 1247 4 — 7486 
Still higher upon Blattenſtock another part of the ſame mountain the 
mercury Fel on the ſame day to 21! 6''!, which anſwer according to 
Mariotte to — — — — — 932* 2! or 5594 
Dr. Scheuchzer — — — — 959 2 — 5756 
Caſſini — — — — 1293 3 — 7761 


Hence from Zuric to the Blattenſtock near the top of the Freyberg 


there is in leſs than three days journey a riſe of 4366 feet, according to 


Mariotte ; and 4492 according to Dr. Scheuchzer, that is more than 


three times the elevation of Zuric above the level of the ſea. 

At Guppen ob Schwanden in the fame canton of Glarus the mercury 

was obſerved Auguſt 5. 1705. at 2304“, which give according to 
Mariotte — —. — — — 644* 1' or 38650 
Dr. Scheuchzer — — — — 661 5 or 3971 

I omit giving the numbers according to the tables of Mr. Caſſini, 
having already ſhewn that they are too great. 

Upon Joch a high mountain in the territory of Engelberg where it 
confines upon the canton of Bern, full ſouth of Zuric, the mercury 
ſtood June 23, 1706, at 21"! 4!/!, which gives the height of that'moun- 

*tain according to 
Mariotte ? — — 961 of or 5766 
Dr. Scheuchzer — — — — 987 4\— 5926 


This mountain tho? very high is far from being the higheſt in that 
neighbourhood, for next to it there riſes another called the Titlisberg- 


covered with everlaſting ſnow, which we may upon a moderate compu- 


tation pronounce at leaſt 1000 foot higher than the top of the Joch, and 
conſequently one of the higheſt in the country. - 

Upon the Avicula by the Italians called Monte del Uccello and by 
ſome S. Bernhard's mountain, from a chapel built in honour of that 
Saint, a high mountain in Rhœtia towards Italy, the mercury was ob- 
ſerved July 30. 1707. at 22“ 11”, which give according to 
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Marione oe ee 0% 5% or 42450 
Dr. Scheuchzer — — — 727 3 — 4365 
The mercury at the ſame height Aug. 9. 1725. at Santa Maria u 

the Luckmannier Berg, by ſome S. Barnaby's mountain, which is like- 
wiſe a branch of the Adula. 


In the Alp San Porta, near the ſource of the hinter Rhein, Rhenus 


poſterior, five hours and a half from Speluga, Splügen in Rheetia, th 
mercury was obſerved July 29, 1707, at 214“. . 
At Splügen it ſelf the mercury ſtood the ſame morning early at 23“ 
4%, which give the elevation of Splügen according to Mariotte 644 1! 
or 3865 ; and according to Dr. Scheuchzer 661® 5! or 3971. So that 
the fall of the Rhine from the alp aforeſaid/to Splügen in five hours and 


| a half comes according to Mariotte to 1901, and according to Dr. 


Scheuchzer to 1955 Paris feet perpendicular. | 

At the Capuchins upon the high mountain S. Gothard a celebrated 
paſſage out of Swiſſerland into Italy, the mercury ſtood June 30. 1705. 
at 22 O, which gives the height of that paſſage, which with regard 


to the higheſt tops of S. Gothard lies but as it were at the foot of a high 


mountain, according to Mariotte 8529, or 5112*; and according to 
Dr. Scheuchzer 875% z', or 5255' above the level of the ſea. 

Upon the Furca a high mountain hetween the Urſeren Thal, Urſaria 
Vallis and the upper Valleſia, and one of the branches of the S. Gothard, 
the height of the mercury in the barometer was obſerved July 31. 1707. 
at 210 /, which give the height of this mountain above the level of 
the ſea according to Mariotte 947® 1 or 5683'; and according to 
Dr. Scheuchzer 973® 3“ or 5841'. Near this mountain there are others 
which cannot be leſs than 800 or 900 foot higher. 

Theſe mountains I mean the Avicula, the, Luckmannier Berg, the 
S. Gothard, and the Furca, together with the Grimſula, the Criſpalt, 


the Sempronier, or Sempronius mons, the Adula,-and a chain of others, 
are the Lepontiæ Alpes of Pliny f and the Summæ _— of Cæſar . 
Tri 


They begin in the upper Valleſia traverſe the canton of Uri, and fo run 


on eaſtwards acroſs the country of the Griſoons towards Tirol. Their 
greateſt height above the level of the fea may be fixed in round numbers 


to 7500 or 8000 Paris feet. 

Gemmius Mons the Gemmi, is a very high and ſteep mountain in 
Valleſia, over which there is a paſſage but only in ſummer-time 
from the Fruttinger valley in the canton of Bern, to the mineral 
waters at Leük in Valleſia. The deſcent on the ſouth-ſide of this 
mountain is ſteep and frightful even to the afpect beyond what can be 
imagined, being a narrow path cut on the fide of almoſt perpendicular 
precipices, ſometimes with trembling wooden bridges or planks over 
the clefts in the mountain, and here and there ſupported with low 
walls. Having been geometrically meaſiſred it was found of 10110 


+ Lib. üi. c. xx. / + De Bello Gallico |, iii, 
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feet in length, or rather height, its many windings and turnings in- 


cluded. At a ſmall cottage called Zur Dauben, a poor reſting place 
for weary travellers, being the higheſt part of the mountain which is 
paſſable, the mercury ſubſided July 1, 1709, to 21"! 3% which 
gives the height * that 3 W to 
Ma riotte — — 97% 5! or 58497 
And Dr. Schenchner — — — — 1002 o or 6012 
Not far from this cottage is a ſmall mountainous lake called the 
Dauben Sea, or the Pidgeons Lake, encompaſſed on all ſides with 
high mountains, the tops whereof for their ſteepneſs it would be im- 
Mble to reach. At Kandelſtag the firſt village in the Frutinger 
Valley ; in the territory of Bern, going up to the Gemmi the mercury 
roſe on the ſame day to lan 21'!, which give according to 
Mariotte — — — — — ch — — 
Dr. Scheuchzer — — — — — — | 3205 
And at Müllenen at the foot of the 8 - "Rood at — 71% 
which anſwer according to 
Mariotte to- —U D — — — 318% 5! or 1913“ 
Dr. Scheuchzer = = — — — — 327 O Or 1962 
On the other ſide of the Gemmi at Leiick, a celebrated place for 
its mineral waters, the mercury was obſerved July 2. and July 5. 
1709, at 2309 which anſwers according to Mariotte, to 581* 4 
or 3490“; and according to Dr. Scheuchzer, to 39% 3', or 3555 
So that the Cottage Zur Dauben riſes above Leuck according to 
Mariotte — — —- — — — 295090 
Dr. Scheuchzer— — — — — — 2447 
Above Müllenen in the F rutinger Valley, according to | 


Mariotte — — — 9 
r —  — — — 990 


— . Geaznt bore the Wrif" WW - 
ſea conſiderably exceeds 6000 Paris feet. 
But high = all the mountains of Swiſſerland riſes the Stella 
Piz Stail, a ſteep mountain in the Schamſer valley in Rhcetia or 
e Griſons, e height whereof was by my uncle Dr. John 
Set hzer by ſome ob made in the year 1709, determined 
to 9585 Paris foot above the level of the ſea, according to his 
_ — nent or 9441 according to Mariotte; and 12196 ac- 


to Caſſini. A height which the e or n N 


ſelves ſcarce venture to aſcend. 
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CHAP. III. 
Optics. 


As opticalex- I. EN TR Iſaac Newton, in his optics, Þ relates an experiment made 
"=; orgs with a card or paper painted red on one half and blue on the 
by Dr. Dela , paper p | p 
*-guliers, 2.374. Other, which being enlighten'd by a candle, the image by the inter- 
J. 206 Nov. poſition of a lens, is ſo projected on a white paper held on the 
4c. 1722. | other fide of the lens, that the place where the blue half appears 
diſtin, or as the opticians term it, the diſtinct baſe of the image 
of the blue half, is much nearer to the lens than the place of the 
image of the red half. And this is made apparent by ſeeing on 
one of theſe images the repreſentation of the black threads that are 
- wrapp'd round the card, whilſt they are not viſible on the other. 
FThis is fully deſcribed in the place abovementipn'd ; but yet a 
|| gentleman abroad has call'd the experiment in 7 and denied 
the matter of fact, ſaying that he could not make it ſucceed, but 
propoſes an experiment of his own to diſprove the different refran- 
gibility of the rays. | 
Upon this I was defir'd to make the experiment over again before 
the Royal ſociety, which ſucceeded well. But becaufe there muſt 
be care taken in making it, I -ſhall mention all the particulars 
obſerved in the performance; which if duly put in practice will make 
| the experiment always ſucceed. | | 
Fig. 61. I painted one half Fel card RB, fig. 61. as B, with Ukramarine, 


made deeper with a ſmall Mixture of Indigo, and the other half R, 
I painted over with Cinnabar heighten'd with a little Carmine, ſo 
that the line that ſeparated the red from the blue was perpendicular 
to the long fides of the card. &7 is | Wa 
| Then I wrapp'd a black ſilk four times together, over the middle 

Fig“ 62. of each painted part of the card, fig. 62.  - 

Fig: 63. Upon a ſquare trencher fig. 63. painted black ard ſuſpended vertical- 
ly againſt a wall, I fix'd my colour'd card with a pin, and the room 
being made very dark, lenlighten'd the card with a ſtrong light thrown 

Fig. 64 ypon. it from a dark lapthorn fig. 64. that had two convex glaſſes in 

Fig. 65. it 3 then ſetting up the Lenz LL. fig. 65. in ſuch manner, that its axis 

paſs' d perpendicularly through the image of the card at the diſtance 
of nine feet from the card, the image of the card being receiv'd upon 
a white, paper, at the diſtance of nine feet on the other ſide of the 
lens at B, the blue half appeard diſtin&t with the image of the 
black ſilk going vertically along its plain, whilſt no appearance of 
Book I. prop. +. experim. 2 | \ 

AR. Erudit, Lit ſupplem. tom. 8. F. 3. P. 130, 131. 
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the black ſilk was perceivable on the red half. Then removing the 
paper about two inches to R,_the red half of the image had a black 
line very plain upon it whilſt it was inviſible on the blue half. This 
was more evident when a ſtrong image of the candle was ſucceſſively 
thrown on that half of the card, whoſe image was under examind- 
tion. When the paper was held in the middle between R and B, the 
black line upon each colour was viſible but indiſtinct. N. B. Care 
muſt be taken that the colours be deep, becauſe having accidentally 
rubb'd off ſome of the blue, the whiteneſs of the card under it made 
its image fly out farther, almoſt as far as that of the red. 
II. COme time aſter this, I Signior Gizlanzoni an Italian gentleman, 
read me a letter from Signior Rizzetti, wherein he ſaid ; He 
e wanted to know whether the forementioned experiment would ſucceed 
if the paper was turned ſo as to bring the red half in th&place of the 


blue one; and that if it ſucceeded then yet he would not ac- Pose 


e quieſce, but he ſhould have ſomethiug ſtill to object againſt it. 
* And further, that he wanted to know what could be faid to ſe- 
* veral other objections againſt many more of Sir Ifaac Newton's 
optical experiments, the greateſt part of which he ſaid he had 
„found to ſucceed differently from what Sir Iſaac had related; 
and would not allow the conſequences to be juſt which were drawn 


* from the other experiments which he had found to agree with his * 


* trials.” Upon this I acquainted Signior Gizlanzoni in a letter 
which I defired him to communicate to Signior Rizzetti ; that as 
*« Signior Rizzetti had put the iſſue of the diſpute upon the ſucceſs 
of an experiment, which after repeated trials had ſucceeded con- 
* trary to his opinion, he ought to acknowledge his miſtake ; and 
** then I ſhould willingly repeat all the other experiments which he 
had called in queſtion, and endeavour to remove his other diffi- 
* culties. That if it was truth and not victory which he contended 
* for, I did not doubt but he would comply with me in what I in- 
* ſiſted upon; and then I ſhould be ready to make any experiment, 
* or clear up any difficulty relating to the doctrine of colours, in the 
* beſt manner I could.“ But I never heard any more from Signior 
Rizzetti, but was told by others that he was very angry at Sigmor 
Gizlanzoni, and ſaid he was got into Sir Iſaac Newton's party. 

Now at laſt Signior Rizzetti has publiſhed a book, entituled, De 
* Luminis affectionibus ſpecimen phy ſico mathematicum,” which be- 
ing preſented to the Royal Society, and by the Society recommended 
to me to give an account of it, I hope no body will blame me for 
making a faithful report. 

The author, though he profeſſes himſelf an enemy to hypotheſes, 
begins his very firſt propoſition with a demonſtration drawn from a 
falſe hypotheſis; for he ſuppoſes every beam of light to be as a pa- 
rallelogram of ſome breadth like a ribbon, as if the rays cohered 
together like the longitudinal threads of the ribbon 3 then conſider- 
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ing a narrow ſide of the parallelogram, which he calls the ſection of 
che beam, as an inflexible line, he takes a great deal of pains to draw 
a conſequence from it, which experiments ſhew to be falſe ; namely, 
that light paſſes with more difficulty through a denſe than through a 
rare medium. He affirms, ** That white light never affords colours 


by reflexion.“ That the union of all kind of rays does not make 


% white.” . That light reflected from a white object, and ſeen 
| « through a dark medium becomes yellow or red, as the medium 


<< is ſtronger or weaker ; that black ſeen through a lucid medium 
« appears blue or violet; and green he ſays is made from a 
black Nobject ſeen \ lucid . _ ; 
white J firſt thro? a dark, ben fo” a um. 


That ſome light paſſing through a refracting medium is diſperſed, 
which he calls more than refracted, and ſo produces colours.“ 

In order to ſupport his hypotheſes of mediums like veils to alter the 
colours of objects looked at, he conſiders (preface, page 31.) 
„(the images in the eye as an object looked at, which would be 
<< {uppoling other organs of viſion to look into the eyes“ where- 
as the pictures of external objects ſhewn _ the back part of an 
eye placed in an hole in the window of a dark room, are only ſuch to 
thoſe who ſee the experiment; but in the animal who ſees thoſe 
pictures are a great number of ſmall blows or impreſſions made upon 
the fibres of the retina. by the impulſe of many rays collected in the 
vertices of the cones of light within the eye, correſponding with 
ſo many other cones which proceed from the viſible points of exter- 
nal objects, and make what opticians call pencils of rays. * That 
<< the reſiſtance of water from its tenacity is greater than from its 
* denſity.— That ſince a ſmall thread half blue and half red, is 
<< ſeen diſtinctly by the naked eye, that phænomenon overthrows 
„ the doctrine of different refrangibility.” But here the au- 
thor does not conſider that the focus of the eye is fo ſhort, that 
the diſtance of the diſtinct baſe of the blue and the red image 
of ſuch threads is not equal to” the thickneſs of the retina. 


image thro? a lens Þ did ſometimes ſucceed with him and ſometimes 


not; and therefore that it did not prove the different refrangibility 
of rays : but the different place of the diſtinct baſe of the blue and 
the red image was to be aſcribed to the different inclination of the 
«© parts of the painted paper to the ſurface of the lens.” But in my ac- 
count of that experiment I mentioned particularly that the axis of the 
lens was perpendicular to the image of the card, and therefore there 
could be no different obliquity as is objefted. ** That tho? he found 
** the ſpectrum of colours produced by the priſm in a dark room to 
<* ſhorten by degrees, and at laſt become round and colourleſs (that is 
<* whate) when viewed by another priſm, in the ſame manner that 
«© Sir-Iaac Newton had made the experiment; yet it did not c 


onvi 


„him 


*© That the experiment of the two- coloured paper projecting its 
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gim of the different refrangibility of the rays; becauſe when he had 
<* cauſed an image to be painted upon a paper like the ſpectrum from 
the priſm, and enlightned it by the direct light of the ſun, ir did not 
become round and white when viewed thro? a priſm as the other ſpe- 
«« &rum did.“ But he did not conſider the imperfection of painters 
colours, nor remember that the ſurfaces of bodies whether of a natural 
or a painted or dyed colour (ſuch as he calls © permanent colours”) 
when expoſed to any coloured light, will reflect that colour which falls 
upon them and appear to be of no other, only that they will ſeem moſt 
vivid in that colour which they bear in open day ; and therefore that if 
the ſun's light conſiſts of rays differently refrangible and producing 
different colours (according to Sir Iſaac Newton) the priſm muſt ſepa- 
rate the light reflected from every one of the painted colours, and could 
not wa. them together becauſe they were by no means ſimple colours. 
If therefore he had reaſoned right, the firſt experiment would have 
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proved Sir Iſaac's doctrine, and the laſt would have confirm'd it. And 


if in his own experiment he had looked at the painted ſpectrum ſuc- 
ceſſively holding the refracting angle of the priſm upwards, and then 
downwards with-the ſame inclination (or what is eaſier, turned the ſpe- 
&rum upſide down, the priſm remaining fix*d) he would have ſeen his 
ſpectrum ſhorter in one caſe than in the other. 

That Sir Iſaac Newton's: 8th experiment of p. 1. b. 2. (in which 
*© the priſmatic red and blue falling ſucceſſively on the ſame place of 
* a book, have a different focus in projecting their image thro? a lens) 
is inconcluſive; and rejects Richterus's anſwer, viz. ** That the co- 
* lours reflected from the book as it has a rough ſurface fall always 
** with the ſame inclination upon the lens, in whatever direction the 
came from the priſm to the book” 
** quainted Richterus, that permanent colours enlighten'd by direct 
* light in any different inclination always fell upon the lens with the 
** ſame inclination ; but apparent colours which were produced by re- 
** fraction with a priſm diftered from permanent colours in their inct- 
** dence: but that Richterus had purpoſely concealed it.“ That 
* Mons Mariotte's experiments diſprove the different refrangibility of 
** colours;” tho? if he had read with attention and impartiality the ac- 
count of the experiments which I made before the Royal Society by 
their order on that occaſion (+ Phil. Tranſ. Numb. 348.) he might 
have been convinced as well as ſeveral gentlemen of the French Royal 
Academy who had ſeen Mons Mariotte make his experiments, and ac- 
knowledged themſelves fatisfied when they ſaw me repeat thoſe of Sir 
Iſaac in the year 1713. That in the firſt experiment of Sir Iſaac 
** (book 1. part 2.) he never could deftroy any one colour the reſt re- 
** maining 3 and that with a larger obſtacle he could deftroy the yellow 
and blue but not the yellow and green could bring the green, 
not the yellow, to be next to the ſhadow —— and could leave the 

green only remaining but not the yellow,” This is an eaſy experi- 
| Mo OY ment 3 


adding, that he had ac- 
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ment; but inaccuracy and a very bad priſm, and prejudice towards 
an hypotheſis or againſt an adverſary may miſlead a man ſtrangely. 
w kar when the colours produc'd by the priſm, and afterwards united 
„by the lens produce white upon a paper in the focus, no inclination 
„of the paper will tinge the white ſpot with colours.“ That a yel- 

* low paper in the blue light appears green, as does alſo a blue paper 


in the yellow light. But not when the room is well darken'd, 


and the light homogeneal. That Sir Iſaac Newton aſſerts falſly that 


light immerging into a parallelipiped and then . out of it, 


<< produces no colours.” - That the 6th experiment of part I. book I. 
* of Sir Iſaac is true; but no different refrangibility of rays is prov'd 
© by it, tho? the colours coming ſucceſſively from the firſt priſm to the 
& ſecond with the ſame incidence are carried to different heights by the 
es laſt priſm.” Now the conſcquence is ſo plain here, that this is after 
my Lord Bacon's manner called an experimentum crucis. 

I ſhould go on with my account of this book if it could be of any uſe 
either to vindicate Sir Iſaac Newton or to convince the author and his 
adherents if he has any. But Sir Iſaac's optics need neither defence nor 
explanation. I therefore beg leave now to give the particular deſcription 
of a few experiments I made upon this. occaſion, ſome of which are ex- 
actly as Sir Iſaac Newton made them: ſome are his but made ſomething 
differently, and ſome altogether my own. 

Exper. I. I prepared a box of about three foot high and one foot 
wide within (whoſe ſhape was a truncated pyramid). in the following 
manner. I painted the inſide of it black, and in the back part one foot 
above the baſe made a ſquare hole of three inches in width (whoſe ſection 
is 77) to receive a piece R ſhutting cloſe with a rabbet or ſhoulder whoſe 
ſurface coming thro? the hole was wholly covered with the painted pa- 
per on which the experiment was to be made. Over. againſt rr in the 
ore part of the box was a door to open with a tube in it four inches wide 


and hve inches long, whoſe ſection is e, f, g, b, that two candles ſet on 


the places i, &, to enlighten the paper at 77, might throw no direct light 
out of the box whoſe ſection is repreſented at a, b, c, d. Then having 
made the room perfectly dark I fixed the box upon a table, that it might 


remain in one place; at the diſtance of eight foot from rr I fixed the 


lens L L of four foot focus in a frame upon another table, with its axis 
going thro' the middle of 77: at the diſtance of about eight foot be- 
yond the lens I ſet up the ſkreen or ſquare of white paper S. Having 
put into the hole 7 7 a ſtiff paper painted with vermillion, and wrapped 
four times and an halt with black filk (as repreſented by R) that paper 
enlighten'd by the candles at i, &, the image of the red paper was pro- 
jected upon the ſkreen at p, and when the moſt diſtinct place was found 
the ſkreen was fixed: then a paper painted with ultramarine being fixed 
in the hole vr, the image of it was ſo indiſtin&t at e, that the ima- 
ges of the black ſilks could not be ſcen; but holding a piece of pa- 
per cloſe to the ſkreen and bringing it forward, at about 3 of an 
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inch from the ſkreen, the repreſentation of the ſilks began to appear on 
the blue image; but it was moſt diſtinct at an inch and; or at Z Z; 
ſo that there was 13 inch between the diſtinct baſe of the red and that 
of the blue paper. But what has led ſeveral people into an error in ma- 
king this nice experiment, is the depth of the focus of the rays in both 
caſes; for tho? the red image was moſt diſtin& at p, yet the N 
tion of the black ſilks might juſt be perceived by a good eye when the 
ſkreen was moved backwards or forwards } of an inch: the blue image 
which was ſtronger had its ſilks viſible an inch on either fide of Z 25 
ſo that in a paper half red and half blue painted with theſe colours, one 
might have ſeen the ſilks (tho? faintly) upon the two images at once 
and have been thereby decgived : but ; of an inch beyond the place | 
common to both, the red alone would have appeared diſtinct; and an | 
inch ſhort of the ſaid place the blue image moſt diſtinct and diſtinct 
alone; that is an inch and z nearer the glais. Inſtead of vermillior the 
red paper may be painted with carmine or lake, bur it will "4h 
well, as was then tried; nor does Pruſſian blue ſo well as uftrama- 
rine. The beſt way is to heighten the vermillion with a little carmine, 
and the ultramarine (which has too much white) with indigo; and then 
there will be a ſpace between the two diſtinct baſes where both the ima- 
ges will be indiſtinct. N. B. I made the experiment with ſuch colours 
in the year 17223; but now I uſed no mixtures, that any body elſe might 
zrepeat the experiment. = 1 
The 67 figure repreſents the box with one ſide out whoſe place is Fig. 67. 
JZ; eg is the hole for the tube in the door of the foreſide «x cd; 
r the hole in the back to receive the piece R with its painted paper. 

The 68 figure is the box open before with the candles and paper in Fig. 68. 
it, the ſame parts being marked with the ſame letters as in the other | 
figures. | 

N. B. I made the 3 in this manner, becauſe Signior Rizzetti 

attributed the different foci of the colours to different inclinations, 
which could not be alledged here, the red and blue being, as he had de- 
fired, ſucceſſively fixed in the very ſame place; beſides as the candles 
ws: fixed, the light fell upon the painted paper always with the ſame 
incidence. | 
Exper. II. Inſtead of the red or blue paper at rr (fig. 66, 67, & 68) 
I fixed upon the piece R, a paper half red and half blue as RB (fig. 69.) Fig. 69. 
then over the hole in the fore part of the box repreſented by e g (fig. 67) 
I fixed a ſquare plate 2 A d (fig. 69.) with an oblong hole in it four in- 
ches long in its horizontal poſition, and one inch deep, thro! which one 

_ might ſee the parti-coloured paper as if it was only of the bigneſs and 
figure of this aperture, and ſtrongly enlighten'd by the candles hid in 
the box, the reſt of the room being very dark. N. B. I made this pre- 
paration becauſe Rizzetti objects to Sir Iſaac Newton's firſt experiment 


of the firſt book, that the black cloth beyond the parti- coloured paper 
Vor. VI. Part I. | S | was 


/ 
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Fig. 71. 


Fig. 72. 


Fig. 73. 
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was not chlourleſs, and therefore the experiment was not deciſive as 
particularly relating to the paper. ö 

RB (fig. 70.) is the paper contracted in length and breadth by the 
aperture of the plate, which paper being looked at at the diſtance of 
five foot by the priſm 1, appeared as drawn at r b. The priſm bein 
removed to 2 (at the diſtance of ten foot) ſhewed the paper as at 1b. 
And when it was at 3 (at the diſtance of fifteen foot) the paper appeared 
as p B. In theſe three caſes the blue b, ö, and 8 appeared lower than 
the red r, 7, p, the refracting angle of the priſm being downwards. 
When the refracting angle was held upwards as at 5, then the blue B 
was raiſed higher than the red R; but if due care be not taken in turn- 
ing the priſm a reflection may be miſtaken for a refraction as at 4 ; and 
then indeed the red and blue will be equally raiſed as at T. Fhis muſt 
have been Signior Rizzetti's miſtake when in page 38 he ſays thar ohe 
colour was raiſed higher than the other by two lines at ten foot diſtance, 
but not at all at five foot; for ſeveral of the perſons preſent at my ex- 
periments made the ſame miſtake at firſt before they could perform the 
experiment in manner above mentioned; which they at laſt did, and 


found the colours ſeparated moſt at the greateſt and leaſt at the leaſt 


diſtance. This miſtaking a reflection for a refraction has been the occa- 
ſion of ſeveral more errors and difficulties to be met with in Signior 
Rizzetti's book. 8 

Exper. III. A candle K reflected from the ſurface AB of the priſm 
AB C appeared very faintly to the eye at E as a weak image at k, be- 
cauſe the rays incident at I paſs moſt of them thro? the priſm and go on 
to R, ſeparating from one another according to their different degrees 
of refrangibility, whilſt a few of them are reflected to the eye in the 
direction IE. Bur if the priſm be in the poſition A CB, moſt of the 
rays of the candle K incident at I on the plane AB (after having paſſed 


| perpendicularly thro? the plane BC) are reflected, and paſſing perpen- 


dicularly throꝰ A C go into the eye at E, which fees a very ſtrong image 
of the candle at k, whilſt very ow rays go down to R to produce co- 
lours. This ſhews chat the rays of light paſs with more facility thro? 
glaſs (a denſe) than thro? the air (a rare) medium, contrary to Rizzetti's 
aſſertion, CEE, | 

Exper, IV. To make this more evident, and compare together the 
facilities with which light paſſes through the two mediums, I took a 
cube of glaſs of three inches the ſide, Az þ Ba DC whoſe ſection 
is AB CP, and looking upon it from E to ſee by reflection the can- 
dle K, I ſaw two images of it; one at & very faint, and reflected 
from the upper ſurface AB, and the other at very ſtrong and reflected 
from the lower ſurface C D. Now it is evident that the vividneſs or 


brightneſs of the image x, is to the vividneſs of the image ; as the 


facility with which the rays in theſe circumſtances paſs through the 


glaſs, or through the air: and thoſe are eaſily compared, becauſe 
both the images are ſeen at once. F 


. 3 Exper. 


\ 


Cnar. III. Optical experiments &c. 131 


Exer. V. The line P I being perpendicular to the reflecting Fig 74. 
plane A Bof the triangle A CB, I brought the candle K by degrees 
ſo near to Pas to diminiſh very much the angle of incidence KIP, 
\ which made the image or appearance of the candle at & become fainter 
by degrees, and at laſt as faint as in fig. 71. | 
Exper, VI. Having made the experiment as at fig. 72. I preſſed Fig. 75. 
another priſm DF G, cloſe to the priſm A B C, and when I ſqueezed 6 
them together but gently, ſome of the rays from the candle R paſ- 
ſed through the lower priſm, and falling upon a paper at R made a 
reddiſh ſpot; but when I ſqueezed them very hard, the ſpot became 
much wider, white in the middle, and only tinged with red about 
the edges: at the ſame time the eye ſaw a black ſpot in the image of 
the candle at k; and a ſtander-by looking obliquely at the place I 
( where the glaſſes touched) ſaw, as it were a little hole through the 
priſms as big as the ſpot æ. But if the priſms be preſſed together but — 
gently, then all the other phænomena diſappear, except the firſt lit- 
tle ſpot at R, as in fig. 76. * 8 
When the candle is ſeen by reflection from the lower ſurface of a 
priſm, as in the 72%, 74 and 75 figures, the rays paſs quite through 
that ſurface, and are turned up again by the attraction of it in 
curve lines ſo as to re-enter the priſm, and then (going out again 
through the ſurface AC) go up to the eye at E. In this caſe the 
moſt refrangible rays being the moſt eaſily iuflected, make the leaſt 
curves, whoſe vertices are nearer the glaſs than thoſe of the greater 
curves made by the leaſt refrangible rays. This is proved by ex- 
periment 6. where the under priſm only attracts down from the refle- 
ction of the upper priſm, the red making rays as in fig. 76", where 
the plate of air between the priſms is of ſome ſmall thickneſs: , But 
when the priſms whoſe . ſurfaces are a little convex, are preſſed hard 
together, the lower priſm is near enough to attract rays of a great 
degree of refrangibility z and therefore the ſpot then becomes white 
in the middle, and only red about the edges, which are produced 
by ſuch parts of the lower priſm as are not ſo near the upper priſm. 
There are two circumſtances in the ſixth experiment which diſprove 
Rizzetti's aſſertion p. 125. viz. That there is a ſenſible reflection even 
where glaſſes touch; for when the priſms touch at I, fig. 75. the 
black ſpot appearing in the image of the candle & ſhews there is at I 
a deficiency. of thoſe rays, which coming from the middle of the 
candle uſed to be reflected up to the eye at E, and therefore that A B 
the reflecting ſurface of the upper priſm ceaſes to reflect in a little 
ſpace round about I where the upper ſurface D F of the under BEA 
touches it; the Rays which before were reflected, now going down 
to make the ſpot at K. The other circumſtance is this; that whereas 
a paper at is inviſible to an eye at E by the interpoſition of the 
priſm D F G; when another priſm A C B is laid over it and preſſed 
hard, there appears to be an 9 of about 2 of an inch (more 11 
4 2 = e 
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leſs in diameter as the priſmatical ſurfaces are more or leſs flat) 


through which the paper at & becomes viſible ; this being the place 
of contact where the reflection downwards (of the ſurface D F) 


ceaſes. A 
This happens becauſe thoſe rays which (coming from the can- 


dle K) were bent in curves under the ſurface A B of the upper priſm 


about ſeveral points near I, are by the nearneſs of the ſurface D F of 
the lower priſm brought down to R, inſtead of being. turned up 
again to the eye at E; whilſt thoſe rays which (coming from the 
paper at through the ſarface & F of the lower priſm, and paſſing 
through the upper ſurface of it FP) were bent in curves about 


ſeveral points near I, are prevented from turning down again to R, 


and are brought up to the eye at E, which confequently muſt ſee a 
round part of the paper at &, juſt as big as the place of contact 
which appears like an hole; or as if the two priſms being changed to 
5 parallelopiped, were covered with a dark paper that had only a ſmall 

ole in it. | | | | 

But to make this more evident, eſpecially to ſuch as are not well 
acquainted with Sir Iſaac Newton's opticks, I beg leave to explain 
the manner of the bending of rays where they are refracted or 
reflected, | 2 

Of the bending of rays in their refraction. 


Let D D fig. 475 repreſent a denſe medium ( as glaſs) whoſe ſur- 
face is G G, and A A a rare medium (as air). Now let us ſuppoſe 
a power to extend all over the ſurface GG acting from A A towards 
DD in lines perpendicular to the ſurface G G. very ſtrong in con- 
raft, but ſenſible at a very ſmall diſtance from the faid ſurface, 
which we will call the attraction of the ſurface G G, without conſi- 
dering whether it be any real virtue in the ſaid ſurface, or the action 
of a medium impelling towards it. Let lines 11, 22, 33, expreſs 
the lines in which the attraction exerts it ſelf, and the line MM 
(extremely near to GG ) the limits of the attraction, beyond which 
it cannot affect a ray of light. Let the ray of light R moving 
from a rare medium into a denſe in the direQion R r come towards 
the furface G G in ſuch an angle that it may be refracted. When 
the ray comes to a, by the attraction at à it will be acted upon 
in the line ab, and (by the known laws, of mechanics.) be rurned 


out of the way into the direction à a 174 of ar: when. it is por 


to , being acted upon in the direction þ4, its new direct ion will 
come hb: at c, by the power acting in the line c 5, it will change 
its direction to cc and laſtly at d it will go into the glaſs in the line 


4 d continuing in that ſtrait line whilſt it moves in that medium. 


Now if the lines x1, 22, 33, 1, c, b, a, be infinitely near (as they 
muſt be ſuppoſed to be) the ray inſtead of being broken into the ſe- 
veral ſtrait lines a 5, b c, and c d, will be bent into the curve 
320 d; and the emergent ray dd will make the fame angle with the 


% 
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incident ray Rr, as if the refraction had been made at once at the 
point n, which point may be conſidered as in the ſurface G G, be- 
cauſe M M has been ſuppoſed extremely near that ſurface : then alſo 
may refractions be conſidered in groſs, and rays trac'd in all optical 
propoſitions, as if there were no ſuch curve as what we have been 
deſcribing. & 41.9 | | 3 
Again let D, fig. 78. repreſent the denſe medium or glaſs, and A Fig. 8. 
the rare medium or air; Ra a ray of light coming out of the denſe 
medium into the rare, in the direction Rr, in which it may be re- 
fracted (as for example in an angle of 30 degrees with the perpen- 
dicular Pa). Let MM be the line which limits the attraction of 
the ſurface G G, which attraction is exerted in lines tending perpen- 
dicularly from MM to GG. As ſoon as the ray of light has emerged 
at a, it is attracted in the direction @ P, and therefore diverted from 
the line ar into the new direction 4az at b it is turned into the line 
bb; ate into the line cc; and at d into the line d d; ſo that the emer- 
gent ray will be dd, as if the refraction had been performed in the 
point u, and that point was in the ſurface G G, without any curve at 
abcd; andall the reſt as we conſidered it before, with this difference 
only, viz. That the ray is bent juſt as it comes out (or rather when it 
is come out) of the denſe medium; whereas before we confidered its 
bending, before it came into it. | 
Of the bending of rays in reflection. | 
'But if the ray R a, fig. 79. coming out of glaſs into air, ſhould Fig. 79. 
come in ſuch a direction as to be wholly reflected, as it will do when 
the angle RaP is of 45 degrees; rd ſay the reflection will not be 
made at the ſurface G G nor above it in the glaſs ; but under the faid 
ſurface in the air, or even in a vacuum, or any medium leſs denſe, or 
rather leſs refractive than glaſs. MM repreſents the limits of the 
attraction of the glaſs exerted in a direction from MM to GG per- 
pendicularly, as we faid before. The ray Ra moving in the dire- 
ion Rr, at its emerſion at a is for the reaſons before given, turned 
into the direction a a; then at h into the direction bb; at c into the 
direction e c; at d into the qirection d d; and at e into the direction 
ee; and at f into the direction Ff parallel to G G; then at g, the 
Tay is again turned towards the 4 7 whoſe attraction changing 
— — all the directions g g, bh, i i, E k, and II; at laſt it 
re- enters the glaſs in the direction m m making the ſame angle with 
the perpendicular m p that Ra made with a P. Now as the lines 
perpendicular to G G drawn from MM are infinitely near, the line 
abcdefgbiklm muſt be a curve; and as MM and GG are ex- 
tremely near, the vertex of the curve (whoſe tangent is ff paral- 
lel to GG) will be ſo near the point I, as to be conſidered as co- 
inciding with it, when we compare the angle of incidence with that 
of reffe 3 then alſo will the ſpace between the parallels pm 
h a 
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and P a be ſo far diminiſhed, that thoſe two lines may be looked up. 


on as co-inciding, the angles m p and R a P being equal, whether 
the three points, in, I, a, co-incide or not. For theſe reaſons, tor 
common uſe, one may conlider the reflection from the under ſurface of 
the glaſs as made at once in that ſurface at the point I. But when we 
examine things ſtrictly, experiments as well as the above reaſoning 
will ſhew, that there is ſuch a curve as we have mentioned. See ex- 
periment VI. fig. 75, and 76; and we ſhall mention others. N. B. If 
any point of the curve abc, &c. between à and f, fall below 
or beyond the line M M, the ray will then go on in a ſtraight line 
tangent to the curve in that point where it leaves the line MM. 


Now let us ſuppoſe Me de bar M, in the fame fig. to be glaſs 


or any other denſe medium, and mp PR air or any other rare 


medium, and Ra a ray of light moving in the rare medium towards 
the denſe medium in the direction R a towards r; if inſtead of an 


attraction at the ſurface of the glaſs M M, there be ſuppoſed a repel- 
lent force whoſe limits are GG; then will the ray by the repulſion 
of the ſurface MM be bent into the curve abcdefghiklmin the 
ſame manner as we ſhewed it would be under the ſurface G G, when 


.GpP G was. conſidered as a denſe medium. Hence it follows 


that a ray moving in the air is reflected from a ſpecular ſurface of 
glaſs, or any other mirror, opake. or diaphanous, without touching 
the ſaid — N. B. That the ſame power may under different 
circumſtances attract to and repel from the ſame ſurface, ſhall be 
made out in the remaining part of this paper; but now taking ſuch 
a power for granted, we will proceed in conſidering the flexure of 


rays of light. 


Let us ſuppoſe a priſm ACB to have the attracting power of its 
inferior ſurface extend as far as the line mm; if another priſm GDF 
(the attracting force of whoſe upper ſurface extends as far as n) be 
brought very near to the firſt priſm ;, where. the attracting powers of 
the priſms interfere, they will deſtroy one another, becauſe they act in 
contrary directions; and thereby the limits of attraction of each of the 
ſurfaces will be contracted; the power of A B extending no farther 
than u, and that of DF no farther than mn, whilſt the ſpace n mm 


loſes all the force that it had (and would have upon the removal of ei- 


ther priſm) to turn a ray of light moving obliquely out of its direction. 

No in this ſituation of the priſms, a ray of light entring the ſurfact 
CB at right angles, will go thro' the ſecond priſm alſo at right angles 
(not exactly in the ſame line, but) in a line parallel to the direction 
of the incident ray: for example, let the ray R a (not refracted at, 
becauſe perpendicular to the ſurface C B) emerge from the firſt priſm 
at a, in the direction a7; its changed direction at à will become a a, 
and at b, ö b, or rather the ray will be inflexed in the curve 4 b; and 
at þ getting out of the power of the attraction of the ſurface A B, it 
will (for the reaſons before given) move in a ſtrait line from ô to c, 


where 


* 
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where it will be ends -ny the contrary way in the curve cd of the 
ſame kind as a b, and Jaſtly emerge in the direction d d parallel to the 
firſt direftion R r. From hence it follows that when the priſms are 
brought ſo near as to touch, their mutual attractions deſtroying each 
other, the rays of light will not be bent, but paſs thro? the two priſms 
(which in this caſe perform the office of a parallelopiped) in the ſame 
direction with which they canie into the firſt priſm, and conſequently 
produce no colours, contrary to what is affirmed by Rizzetti, pag. 78, 
79, &c. and when the rays R a fall obliquely upon the ſurface CB, 
the effect of their refraction at their immerſion at S to produce colours 
is taken off by the refraction which they ſuffer at their emerſion at z. 

Exper. VII. I took the cube of fig. 73. and looking obliquely thro” 
it at the hole of the window of my dark chamber (the ſun ſhining or 
not ſhining) the hole appeared entirely colourleſs, as did alſo a candle, 
both appearing fringed with colours when ſeen thro? the priſm. Then 
holding two priſms together, as in fig. 75, if the hole of the dark cham- 
ber be at k, it appears white to the eye at E; but if the angles of the 
priſms at B F be a little ſeparated, whilſt the points A D touch, the hole 
will appear coloured: when the ſurfaces are ſeparated at AD, and 
touch at BF, the colours appear in an inverted order; but if the ſur- 
faces AD and BF are parallel, whether they touch or not, the hole 
will appear white. 

N. B. In this caſe the priſms muſt be ſimilar, that the ſurface FG 
may be parallel to AC; otherwiſe AB and DF muſt be ſo inclined to 
one another as to render AC and FG parallel. Indeed if one of the 
priſms be very far removed from the other, the heterogeneous light 
which entered in at FG may be ſo far ſpread by the ſeparation of the 
differently refrangible rays hat the priſm ABC will not take it all in, 
then the eye behind the ſecond priſm may ſee colours, as I ſuppoſe 
Rizzetti did, pag. 79, | 

If the ray of fiele Rabe dd changing its direction in the manner 
above mentioned makes an angle of about 45 degrees with the perpen- 
dicular P a, upon the removal of the lower priſm the ray will be turn- 
ed up again as in fig. 79. But if the angle Pa R be greater the = will 
ſtill be turned up again in a curve, as ab cd ef (fig. 81.) notwithſtand- 


ing the lower priſm is at DF G; but if that priſm be brought up cloſer 


\ 


1 


to the ſurface AB, the curves will be deſtroyed where the priſms touch, 
o_ all the rays in the place of contact brought down thro? the lower 
priſm. | | 

The moſt refrangible rays conſiſt of ſmaller particles than the leaſt 
refrangible rays, and therefore muſt have leaſt momentum, the velocity 
of all the rays being the ſame, and conſequently are more eaſily turned 
out of the way by attraction or repulſion, which makes the curves 
made by the purp 
nearer the ſaid ſurface than the curves made by red and orange rays. 
Suppoſe a violet Ra moving in the direction RT to be ſo bent under the 


ſurface 
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Fig. 81. | 


e and violet rays under the furface AB to be leſs and 
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ſurface A B, that at the vertex of the curve, or where its tangent c c is 
parallel to A B, there ſtill remains a ſmall ſpace between the curve and 
the line u, where the limits of attraction (contracted by the proximity 
of the undermoſt priſm DF G end) that ray will be turned up again in 
the curve def, ud ſo reflected in the line f f, the directions having been 
ſucceſſively changed, as in fig. 79. but a red ray with the ſame inclina- 
tion would paſs on into the lower priſm, as was explained in fig. 80. be- 
cauſe the momentum of the red ray being greater than that of the violet, 
the ſame degree of attraction could not give it the ſame flexure. This 
is confirmed by experiment, for when the lower priſm is not preſſed 
hard againſt the upper (as in fig. 76.) the rays brought down to R make 
a ſpot of a colour made up chiefly of red and orange rays; but when 
the priſms are preſſed cloſer, the ſpot grows bigger and perfectly white 
in its middle; becauſe all ſorts of rays are brought down to the. ſpot ; 
but it is incloſed round with a reddiſh border occaſioned by the parts of 
the priſm which are very near but not in contact, or at leaſt not near 
enough to bring down the green, blue, purple and violet rays, This 
ſhews that the reflection is not made from the interior ſolid parts of the 
glaſs, nor from the parts in the ſurface, as Rizzetti affirms. But this 
is made more evident by 1 | | 
Exper. VIII. A cit being in the poſition K, the eye at E, and the 
priſm at ABC, a ſtrong image of the candle was ſeen at k as in fig. 72. 

t lifting up a veſſel of water VSSV till the ſurface of the water VV 


touched A B the lower ſurface of the priſm, the image of the candle 


became almoſt inſenſible, as the eye loſt all thoſe rays which now were 
attracted into the water, And for a farther proof that the reflection is 
made under the ſurface and not in it, when the priſm was taken out of 
the water, being wet at its lower ſurface, or having a ſtratum of water 
(whoſe ſurface was VV) under AB, the image of the candle did again 
become vivid, the rays being turned up again under VV. Indeed the 
image in this caſe tho ſtrong did not er well defined, by reaſon of 
the unevenneſs of the watry ſurface v V. 

I am very well aware that Rizzetti may anſwer here, that what I 
have ſaid above does in ſome meaſure favour his notions, and that the 


; rays which (in fig. 72. having peed thro? AB, the lower ſurface of the 
t 


priſm) are turned up again to the eye at E, do not ſuffer a reflection 
but a new immerſion; for he ſays, p. 129. Anglus (meaning Sir Iſaac 
Newton) ſecundo ſubjungit, quod ſi lumen in tranſitu è vitro in aerem 
*©. obliquids incidat, quam in angulo graduum 40, illud in totum refle- 
„ ctitur. Ego verd reſpondeo, quod ex us que docui in prop. 4. 
„cap. 1. elicitur hanc non eſſe veram luminis reflectionem ſed po- 
s tius novam immerſionem; & ideo nego quod ex iſto phænomeno 
*« ſequatur lumen a partibus corporum ſolidis, aliquo interjecto in- 
s tervallo, reſlecti.“ And a little lower, having quoted what Sir Iſaac 
Newton ſays concerning the blue light, which: coming from one priſm 
obliquely upon che farther ſurface of another, is wholly reflected 
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the ſame inclination that the red light is wholly tranſmitted, He 
ſays, “Satis ft iterum reſpondere, quod in hoc etiam caſu eſt nova 
„ fluminis immerſio, quæ dicitur ab auctore reflectio. | 

But this is only cavilling about words; for if the ray of light which 
moving in a denſe medium falls obliquely on the ſurface common to 
that and a rarer medium, be turned back again in the denſe medium ſo 
as to make the angle in which it returns from the ſaid ſurface equal to 
that in which it came to it; this return of the ray may properly be cal- 
led a reflection, whether the ray be turned back at the point of the inci- 
dence in the ſurface, or be carried about the point of incidence in a ſmall 
curve, whoſe conſideration may be omitted in tracing the way of a ray 
of light whoſe different reflections and refractions, in all its motions, 
mutt be conſider'd in making optical machines. Whoever reads the 
Sth prop. of the 2d part, book II. of Sir Iſaac's optics may very 
eaſily find that he was not ignorant of the turning back of the ray un- 
der the ſurface of the glaſs before it returned into it; and tho? the re- 
flection in that caſe be not made by impinging on the ſolid parts of the 
glaſs, yet it is owing to them that the light (acted upon at a diſtance) is 
turned up again, as has been ſhewn by ſeveral of the experiments above 
mentioned. 
Nov let us ſee how Rizzetti's account of the new immerſion agrees 
with phenomena. 

Let all above the line P p (fig. 84.) be a denſe medium as glaſs, and 

all below it a rare medium as air; AB CD is a beam of light inſenſible 

in thickneſs, but of ſome breadth, whoſe rays cohere to one another, and 
whoſe ſection or firſt line is BC. If the medium in which BC is, did 
not change, B C would move parallgl to itſelf in the lines Ba and C4; 
but as the end C of the line BC comes out into a rare medium, which 
being of leſs reſiſtance to light (for ſo he ſuppoſes) the point C moving 
with more facility than the point B deſcribes the curve CF H, whillt 
B moving in the denſe medium with more difficulty, deſcribes the leſſer 
curve BEG; then the point C being got to H is re-immerſed, and the 
line B C being got to H G goes on in the direction HK GL parallel 
to itſelf, drawing the beam after it in a rectilinear direction, after part 
of it has been bent within the glaſs and part of it without. | 

Now if this be true and Pp be a priſm, I beg to know what be- 
comes of the line at EF which unites the rays of the beam about the 
point of incidence I, when water is brought to touch the ſurface*P p, 


as at AB fig. 82? If it be ſaid that water making a great reſiſtance - 


tho' not ſo great as glaſs, the curve BEG deviates fo little from the 
line Ba that the point E comes below I, and the beam is wholly re- 
trated, I aſk whence comes the faint image at & ? If it be anſwer'd that 
ſome part E I of the line E F (fig. 84.) is turned up to the eye at E 
(hg. 82.) what becomes of the lateral coheſion of light on which Riz- 


zetit founds his chief propoſition, and from which he draws his con- 


ſeqnences ? 
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It would be tedious as well as uſcleſs to be particular in ſhewing all 
Rizzetti's miſtakes, therefore I ſhall only mention one more experi- 
ment from Sir Iſaac Newton, which 1 7 657" on account of what is 
ſaid in Rizzetti's preface, page 16, viz. that if (according to Sir Iſaac) 
rays were differently reflexible, colours muſt be produced by refle- 
ction from a plane ſurface ; but this, ſays our author, is contrary to 
experience. Now this his aſſertion is diſproved by 

Exper. IX. As this experiment was made exactly in Sir Iſaac New- 
ton's manner, and with the ſame ſucceſs, I repeat the account of it in 
his own words. | 


Let HFG (fig. 8 5.) repreſent a priſm in the open air, and S the 


eye of the ſpectator viewing the clouds by their light coming into 


* the priſm at the plane fide FI GK, and reflected in it by its baſe 
* HEIG, and thence going out thro? its plane fide HEF K to the 
eye; and when the priſm and eye are conveniently placed, ſo that 
* the angles of incidence and reflection at the baſe may be of about 40 
degrees, the ſpectator will ſee a bow M N of a blue colour running 
«© from one end of the baſe to the other, with the concave ſide towards 


him, and the part of the baſe I MNG beyond this bow will be 


brighter than the other part EM NH on the other fide of it. Now 
for underſtanding the reaſon of it, ſuppoſe the plane A B C to cut the 
plane ſides and the baſe of the priſm perpendicularly. From the eye 
to the line BC wherein that plane cuts the baſe, draw the lines 
8p and St in the angles Sp C 50 degrees rx and S7C 49 degrees 3, 
and the point p will be the limit beyond which none of the moſt 
«© refrangible rays can paſs thro? the baſe of the priſm, and be refracted, 
** whoſe incidence is ſuch that they may be reflected to the eye; and 
<< the point? will be the like limit for the leaſt refrangible rays, that is 


beyond which none of them can paſs thro' the baſe, whoſe incidence 


eis ſuch that by reflection they may come to the eye; and the point - 
taken in the middle way between p and 7 will be the like limit forche 
*© meanly refrangible rays. And therefore all the leaſt refrangible rays. 
© which fall upon the baſe beyond 7, that is between 7 and B, and can 
come from thence to the cye will be reflected thither : but on this 
«© ſide t, that is between ? and C, many of theſe rays will be tranſ- 
<*© mitted thro? the baſe : and all the moſt refrangible rays which fall 
upon the baſe beyond p, that is between p and B, and can by refle- 
„ ction come from thence to the eye, will be reflected thither; but 
every where between p and c many of theſe rays will get thro? the 
<< baſe and be refracted; and the ſame is to be underſtood of the mean- 
ly refrangible rays on either ſide of the point vr. Whence it follows, 


that the baſe of the priſm muſt every where between 7 and B by 


<< a total reflection of all ſorts of rays to the eye, look white and bright; 
* and every where between p and C by reafon of the tranſmiſſion of 
<< many rays of either fort look more pale, obſcure and dark; but at 
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« and in other places between p and t, where all the more refrangi- 
<« ble rays are reflected to the eye, and many of the leſs refrangible 

are tranſmitted, the exceſs of the moſt refrangible in the reflected 
light will tinge that light with their colour which is violet and blue; 
this happens by taking the line Cr t B any where between the ends 
« of the priſm HG and EL. | 

If this needs any farther explanation, let us ſuppoſe C AB the 
ſection of the priſm in fig. 85. transferred to fig. 86. at A CB. 
It Ro be a red ray inclined to a perpendicular to AB in an angle 
of more than 41 or 42 degrees, it will at its emerſion under the ſur- 
face A B be turned into the curve on i, and ſo go up again to the 
cye at E; but another red ray coming in the direction Vn making 
an angle with the perpendicular ſufficiently leſs, will after its emerſion 
at n be only bent ſo much as to be turned out of the way, and re- 
fracted to 9, in an angle of refraction agreeable to the refrangibi- 
lity of red light. But VM a violet ray with the ſame inclination as 
the laſt red one r » ſhall not be refracted, but turned up in the curve 
mi P, and ſo go to the eye at E. Another violet ray vn making 
an angle ſomething leſs with the perpendicular, will paſs through the 
glaſs, and be refracted in the line 18S. Upon this account all that 
part of the baſe of the priſm (of which A B is the ſection) between 
A and p will be dark or faint, all that part between p and » be 
tinged with a bluiſh colour, and all between o and B of a bright 
white. 

Poſijcript. The bending of rays of light juſt as they come to 
be reflected or refracted, may be eafily underſtood by ſuch as 
are well acquainted with thoſe properties of light which Sir Ifaac 
Newton calls their “ fits of eaſy reflection,“ and “ fits of eaſy tranſ- 


<« miſſion ;” without any hypotheſis, but by conſequences fairly 


drawn from experiments and obſervations. But as Signior Rizzetti 
does not ſeem (in his book) to have the leaſt notion of thoſe pro- 
perties of light, and the nice obſervations on which they are founded ; 
and ſeveral other perſons have not time to read thoſe parts of the 
optics with ſufficient application; to ſhew how the ſame power of 
the ſurface of a denſe medium may both attract and repel under dif- 
ferent circumſtances I content my ſelf here with giving the 
. hypotheſis, which Sir Iſaac does before he comes to that part of his 
book where he demonſtrates the fits ahove-mentioned. ._ * 

If GG be the ſurface of a denſe medium GD DG, on which 
a tremor 1s cauſed by the warmth communicated to it by the rays of 
light, ſo as to give a wave-like motion to the medium immediate] 
next to the ſurface GG; as that vibratory motion is performed, the 
medium alternately puſhes from the ſurface, and returns towards it 
(as 18 repreſented by the poſition of the darts in the figure) and 
puſhes back the light ſo, as to reflect it when the vibration is con- 
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Reflections on an appearance in the Rainbow. Pakx l. 
trary to its direction, but brings it down to be refracted when the 


vibration eonſpires with the ſaid motion. 


©# 


I-P-O N” your: communicating to me the curious obſervations 
| "+-your-friend Dr. Langwith had made on the rainbow, I 
inform'd you thoſe. appearances might, I thought, be explain'd by 
the diſcoveries the great Sir Iſaac Newton had made in the ſubject 
of light and colours, in his wonderful treatiſe of Optics. As you 
ſeemed not diſpleaſed with what I mentioned to you in relation to this 
matter by word of mouth, you deſired that I would fer down. in wri- 


ting my thooghts thergupon,- which I have. here accordingly done in 


the following manner. 


Let AB repreſent. a drop of rain; B the point from whence the 
rays of any determinate ſpecies being reflected to C, and afterwards 


emerging in the line CD, do proceed to the eye, and cauſe the 


appearance of that colour in the rainbow which appertains to this 
ſpecies. It is obſerved by Sir Iſaac Newton Þ, that in the reflection 
of light, beſides what is reflected regularly, ſome ſmall part of it is 
irregularly ſcattered every way. So that from the point B, beſides 
the rays that are regularly reflected from B to C, ſome ſcattered rays 
will return in other lines, as in BE, B F, BG, B H, on each ſide 
the line BC. Further it muſt be noted from Sir Iſaac Newton], 


that the rays of light in their paſſage from one ſuperficies of a re- 


fracting medium to the other undergo alternate fits of eaſy tranſ- 
miſſion and reflection, ſucceeding each other at equal intervals; inſo- 
much that if they reach the further ſuperficies in one ſort of thoſe 
fits, they ſhall be tranſmitted; if in the other kind of them, they 
ſhall rather be reflected back. Whence the rays that proceed from 
B to C, and emerge in the line C D, being in a fit of eaſy tranſmiſ- 
ſion, the ſcattered rays that fall at a ſmall diſtance without theſe on 
either ſide, ( ſuppoſe the rays that paſs in the lines BE, BG) ſhall 
fall on the ſurtace in a fit of eafy reflection, and ſhall not emerge ; 
but the ſcattered rays e at ſome diſtance without theſe laſt, 
ſhall arrive at the ſurface of the drop in a fit of eaſy tranſmiſſion, 
and break through that ſurface. Suppoſe theſe rays to in the 

lines BF, B H; the former of which rays ſhall have one fit 
more of eaſy tranſmiſſion, ' and the latter one fit leſs, than the rays 
that paſs from B ro C. Now both theſe rays, when they go out of 
the drop, will proceed by the refraction of the water in the lines 
FI, H K, that will be inclined almoſt equally to the rays incident 
on the drop, that come from the ſun, but the angles of their inclina- 


tion will be leſs than the angle in which the rays emerging in the 


line CD are inclined to thoſe incident rays. And after the ſame 


manner rays ſcattered from the point B, at a certain diſtance with- 
* 4 p 
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out theſe will emerge out of the drop, while the intermediate rays 
are intercepted; and theſe emergent rays will be inclined to the rays 
incident on the drop in angles ſtil! leſs than the angles, in which 
the rays FI and HK are inclined to them; and without theſe rays 
will emerge other rays, that ſhall be inclined to the incident rays in 
angles yet leſs. Now by this means will be formed of every kind of 
| rays, beſides the principal arch which goes to the formation of the 
rainbow, other arches, within every one of the principal, of the 
ſame colour, though much more faint: and this for divers ſuc- 
ceſſions, as long as theſe weak lights, which in every arch grow 
more and more obſcure, ſhall continue viſible. Now as the arches 
produced by each colour will be variouſly mixed together, the di- 
# verſity of colours obſerved, by Dr. Langwith may well ariſe from 
chem. L | 
1: The preciſe diſtances between the principal arch of each reſpective 
colour, and theſe fainter correſpondent arches depend on the magni- 
tude of the drops, wherein they are formed. To make the arches 
any degree ſeparate, it is neceſſary. the drop be exceeding ſmall. 
It is moſt likely, that they are formed in the vapour of the cloud, 
which the air, being put in motion by the fall of the rain, may 
carry down along with the larger drops. And this may be the 
| reaſon why theſe colours appear under the upper part of the bow 
only, this vapour not deſcending very low. As a farther confirma- 
tion of this, theſe colours are ſeen ſtrongeſt, when the rain falls from 
very black clouds, which cauſe the fierceſt rains, by the fall whereof 
the air will be moſt agitated. | 
And now, Sir, we are upon the rainbow, I ſhall here take the 
freedom of ſetting down two propoſitions which I have formerly con- 
ſidered relating to this ſubject. For the greater, brevity I ſhall de- 
liver them under the form of poriſms; as in my opinion the ancients 
called all propoſitions treated by analy ſis only. 
Prop. L In a given refracting circle whoſe retracting power is 
given, the ray is Big in poſition, which paſſing parallel to a given 
diameter of the circle is refracted by that circle to a point given in 
the circumference of it. | | 
Let AB CD be the given circle, the given diameter A C, and Fig. 89. 
given point G; and let the ray EF, parallel to AC, be re- 
taſted to G. I fay-EF is given in poſition: | 
Produce EF to H, and draw the diameter FI, drawing likewiſe 
IKH, IG, Then is HF the angle of incidence, and GFI the 
-refra&ted angle; ſo that IH being perpendicular to F H and IG 
perpendicular to FG, IH is to ic as the ſine of the angle of 
incidence to the ſine of the refracted angle, and the ratio of 
IH toIG is given, as likewiſe the ratio of IK ho IG. TI | 
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I K being perpendicular to A C the point is in a conic ſection given 
in poſition, whoſe axis is perpendicular to A C, and one of its foci 
is the point G . Conſequently the points I and F are given, and 
laſtly the ray E F given in poſition. | 

Determination. It is evident that this conic ſection may either cut 
the circle in two points, touch it in one point, or fall wholly with- 
out it. Therefore let the ſection touch the circle in the point I, 
and let IL. touch both the ſection and the e in the ſame point 
I. Then G L being joined, the angle under I G L on account 
of the conic ſection is a right one ||, ſo that FG L is one continued 
right line, and I F is to IL as F G to GI; as likewiſe, M being 
the center of the circle, MI to IL, or FH to HI, as FG to 


twice GI, becauſe MI is to IF as GI to twice GI, Hence by 


permutation FH is to FG as HI to twice GI; that is, as the 
ſine of the angle of incidence to twice the ſine of the refracted 
angle. 

Moreover F H being to HI as FG to twice GI, the ſquare of 
F H will be to the ſquare of HI, as the ſquare of FG to four 


times the ſquare of GI. Therefore by compoſition, as the ſquare 


of FH to the ſquare of FI or of AC, fo is the ſquare of FG 
to the ſquare of Fl together with three times the ſquare of GI, 
and ſo likewiſe is the exceſs of the ſquare of FG above the ſquare 
of F H, which equals the exceſs of the ſquare of I H above the 


ſquare of I G, to three times the ſquare of GI; for as one ante-e 


cedent to one conſequent, ſo is the difference of the antecedents to 
the difference of the conſequents. Hence in the laſt place, the ſquare 
of half FH will be to the ſquare of A M, as the exceſs of the 


ſquare of I H above the ſquare of IG to three times the ſquare of 


I G, or as the exceſs of the ſquare of the fine of incidence above the 
ſquare of the fine of refraction, to three times the ſquare of the fine 
of refraction. $ 3 N 
Another Determination. Draw the diameter G O and the tangent 
OP, meeting G F produced in Q: then the angle under I F G is 
equa] to the angle under OG F, the angle under F I L equal to that 
under G O Q, both being right, and FI is equal to GO; whence 
the triangles GOQ, FILL are ſimilar and equal; fo that GQ is 
equal to FL, and the point F in an hyperbola paſſing through G, 
whoſe aſymptotes are A C and OPT. 
Prop. II. A refracting circle and its reftacting power being given, 
the ray is given in poſition, which paſling parallel to a given dia- 
meter of the circle after its refraction, is ſo reflected from the farther 


ſurface of the circle, as to be inclined to its incident courſe in a given 


angle. 


+ See Papp. 1. 7. prop. 238. Milnes Conic. part. 4. prop. 9. 
{ Milnes conic. lib. 8 prop. 23. 


{ Apol. conic. I. 2. prop. 8. 
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Let A BCD be the given circle; let A C be the given diameter, 
E F the incident ray parallel to it, which being refracted into the line 
FG ſhall ſo be reflected from the point G in the line GH, that EF 
and H G being produced, till they meet in I, the angle under EI H 
ſhall be given. | 

Let K be the center of the circle, and KF, K G be joined; let the 
ſemidiameter L K be parallel to the refracted ray FG, and MK be- 
ing taken to the ſemidiameter of the circle in the ratio of the ſine of 
incidence to the ſine of retraction, let LM be joined; and laſtly, make 
the angle under K MN equal to half the given angle under E1H. This 
being done, if F G be produced to O, F O ſhall be to K O as the ſine 
of the angle of incidence to the ſine of the refracted angle, that is as 
MK to KL; inſomuch that K L being parallel to FO, and the angle 
under MKL equal to that under FO K, the angle under MLK ſhall 
be equal to that under FK O, and the angle under KM L equal to that 
under KFO equal to that under FG K or half that under FG H, whence 
the angle under K MN being equal to half the angle under FI H, the 
reſiduary angle under NM L will be equal to half the angle under IF G 
or to half that under MK L. Therefore L C being drawn, the angle 
under LMN vill be equal to that under MCL; and in the laſt place, 
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if MC be divided into two equal parts in P, and PQ R be drawn pa- 


rallel to CL, the angle under QMR will be equal to that under RPM, 
and the triangles QM R, MP R ſimilar, fo that the rectangle under 
PRQ ſhall be equal to the ſquare of MR. Whence R L being equal 
to MR, the point L ſhall be in an equilateral hyperbola touching the 
line MN in the point M, and having the point P tor its center. | But 
this hyperbola is given in poſition, and conſequently the point L, the 
angle under ML K, and the equal angle under CK F will be given, 
and therefore the ray EF is given in poſition. | 
Determination. Let the hyperbola touch the circle in the point L, 
and let their common tangent be LS; draw LT parallel to MN, fo 
as to be ordinately applied in the hyperbola to the diameter CM. 
Whence LS touching the hyperbola in L, PT will be to TLas TI. 
to TS., and the angle under TS L equal to that under TLP, but as 
the angle under S C is equal to that under NM L, the ſame is equal 
to the angle under T LM ; therefore the angle under SLC is equal to 
the angle under MLP. Farther ML being produced to V and VC 
joined, the angle under LVC is equal to that under SLC, by reaſon 
that LS touches the circle in L; hence the angles under LVC and under 
ML are cqual, LP, VC are parallel, and MP being equal to P C, 
M is equal to LV; and K W being let fall perpendicular to LV, 
MW is equal to three times LW. But now it the incident ray E F 
be produced to X, the angle under ML K being equatto that under 


CK F, or to that under EF K, FX ſhall be equal to LV, equal to 


+ Apol. conic. lib. 1. prop. 37. com with lib. 7. op. 24: 
l Apel. Conic. ibidem. * | pr P. 
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twice LW; and the angle under K M L being equal to that under 
K F G, ſince K W is perpendicular to MW, F G ſhall be to twice 
MW as MK to KF, or as the fine of incidence to the fine of refraction; 
whence MW being equal to three times LW, F X ſhall be to FG as 
the ſine of incidence to three times the line of refraction. 
Moreover M W being equal to three times LW, the ſquare of M W 
will be equal to nine times the ſquare of LW, and the rectangle under 
VM L, or the rectangle under CMA, that is the exceſs of the fquare 


of K M above the ſquare of K A, will be equal to eight times the ſquare 


of LW] therefore the ſquare of LW or the ſquare of half FX will be 


to the ſquare of K Por of KA, as the exceſs of the ſquare of KM above 


the ſquare of KA to eight times the ſquare of KA; that 1s, as the exceſs 
of the ſquare of the line of incidence, above tht ſine of refraction to 
eight times the ſquare of the fine of refraction. ; | 

Another Determination. Draw AY parallel to MN, and AZ paralle! 
to MV; then is the angle under Y AZ equal to that under L MN, 
which is equal to that under LC A; whence the arches AL, Y Z are 
equal; but the arches AL, V are likewiſe equal, becauſe LV, AZ 
are parallel, therefore. Y V being joined, and LT drawn perpendicular 
to AC, the chord V ſhall be the double of LT; but Va being like- 
wiſe let fall perpendicular to AC, becauſe MV is the double of ML, 
Va ſhall be the double of LT; and therefore VA and V Y ſhall be 
equal ; whence the point V ſhall be in a parabola, whoſe focus is the 
point Y, its axis perpendicular to A C, and the latus rectum belong- 
ing to that axis equal to twice the perpendicular let fall from Y upon 
ACT. But if K V be joined, the angle under L KV is equal to twice 
the complement” to a right angle of the angle under K LV, which is 


equal to the angle of incidence, and exceeds the refracted angle by 


the angle under A K L. ä 
The determinations of theſe two propoſitions have relation to the 
firſt and ſecond rainbow; thoſe of the firſt propoſition reſpecting the 


interior, and thoſe of the ſecond the exterior. The firſt determinations. 


of theſe two propoſitions aſſign the angles under which each rainbow 
will appear in any given refracting power of the tranſparent ſubſtance 
by which they are produced; the latter determinations of theſe pro- 
poſitions teach how to find the refracting power of the ſubſtance 
from the angles under which the rainbows appear; the angle under 
CMG in the determinations of the firſt propoſition being half the 


angle which meafures the diſtance of the interior bow from the point 


oppoſite to the ſun ; and in the determinations of the ſecond propo- 


ſition the angle under C MN, or under CAY, is half the complement 
to a right angle of half the angle that meaſures the diſtance of the 


exterior bow from the point oppoſite to the ſun. But whereas theſe 
latter determinations require ſolid geometry, it may not be amiſs 
here to ſhew how they may be reduced to calculation, ſeeing the 

+. Vide de la Hire ſecl. conic. lib. 8. prop. 1, 3: 
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obſervation 
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obſervation of theſe angles, as the learned Dr. Halley has already re- 
mark'd , affords no inconvenient method of finding the refracting 
power of any fluid, or indeed of any tranſparent ſubſtance, if it be form- 
ed into a ſpherical or cylindrical figure. For this purpoſe therefore I 
have found that in the latter determination of the firſt propoſition, if 
the ſine of the angle under C MG fig. 95. be denoted by a, the tangent 
of the complement of this angle to a right one be denored by b, and 
the ſecant of this complement by c, the root of this æquation 2*— 3 44 


=244X2c—8 will exceed the ſine of the angle under FM A, that is 


the ſine of the angle of incidence, by the ſine of the angle under CMG; 


and the ſine of the angle under FM O, which is double the refracted 
angle, will be the root of this æquation * + 3aax =4a4b; this 
angle being acute, when the tangent of the angle under CM G is leſs 
than half the radius, or when the angle itſelf is leſs than 26* 33' 54” 11“, 
and when this tangent is more than halt the radius, the angle under 
OF is obtuſe. | Ml MN | 
The roots of theſe cubic æquations are found by ſeeking the firſt of 
two mean proportionals, between each of the verſed fines appertaining 
to the arches C G, AG, and the ſine of thoſe arches, counting from the 


verſed ſines; for the ſum of theſe two mean proportionals is the root of 


the former equation, and the difference between them the root of the 
latter, as may be collected from Cardan's rules. 

And hence likewiſe if the firſt and laſt of the five mean proportionals 
between the ſine and coſine of half the angle under CM G be found, 
twice the ſum of the ſquares of theſe mean proportionals applied to the 
radius exceeds the fine of the angle of incidence by the ſine of the angle 
under CM G; and twice the difference of the ſquares of the ſame mean 
proportionals applied to the radius is equal to the ſine of double the re- 
fracted angle. Moreover this double of the refracted angle exceeds the 
angle of incidence by the angle under C MS. | 

In the latter determination of the ſecond propoſition fig. 96. draw 
KY, and AY being parallel to M N, the angle under CK Y will be 
equal to twice the angle under CM N, that is equal to the complement 
of half the diſtance of the exterior rainbow from the point oppoſite to 
the ſun. Then putting à for the radius AK, and þ for the ſine of the 
angle under C KY, the ſine of the angle under AK V, will be the root 
of this æquation y* + 4 bY —8Baaby+4aabb=0. But the angle 
of incidence and refraction may alſo be found as follows. 

Let two mean proportionals between the radius and the ſine of the 
angle under CKY be found, then take the angle whoſe coſine is the firſt 
of theſe mean proportionals, counting from the radius; and alſo the 
angle whoſe ſine together with the ſecond mean I rtional ſhall be 
to the radius as the coſine of the angle under C to the ſine of the 
angle before found. The ſum of theſe three angles is.double the com- 
plement to a right one of the angle under AKL, the angle under KML, 
or the refracted angle, being equal to half the ſum ot this angle under 
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AKL Aude deu dne, CK as in the laſt place the angle under 
KLV. chat is the an bs of — equal to the ſum of the angles 
r 
I need not obſerve that the geometrical methods of deducing theſe 
angles of incidence and refraction from the angle meaſuring the diſtance 
of each rainbow from the point oppoſite to the ſun afford very expedi- 
tious mechanical conſtructions. 
. Suppoſe the diſtance of the primary rainbow from the point oppoſite 
to the ſun to be 42? u, then the angle under CM G (in big. 95 1 is 211 
3 ©MG= ip? *7Þ, 3. — 9. 260974 


94 = 9. 992654 


” '. 6. 731680 
a | BY * 5y, 
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IV. I. HE inſtrument conſiſts of a metalline ſpeculum, about 4 accent of 
ſix inches in diameter. The radius of the ſphere on which © <«fa«#operie 


I ; "* teleſ: 4 
its concave ſurface was ground, is 10 foot 5 + inches, and conſequent- ;, «ſcope made 


by John Had- 
ly its focal length is 62 + inches. The back has a hollow ſcrew 14 Es 178 


made at its centre to receive the end of a handle, which is ſcrew'd on . 303. March, 
whenever the metal is to be moved, in order to avoid ſullying its po-. 1723. 
liſh'd ſurface by handling. 

This object- metal A, fig. 97. is placed in one end of an octangular Fig. 97. 
tube BB, about ſix foot long, and ſomething wider than what is 
ſufficient to receive the metal, dyed black on the inſide. About 
ſix or ſeven inches in length of the three uppermoſt ſides of the tube 
C, ( toward that end at which the metal is plac'd) are ſeparated 
from the reſt, and open with two hinges, to make room for the 
metal to be put in and taken out. The end of the tube is cloſed by 
an octangular piece of board D, which has an opening d, about F of 
an inch broad, from the top down to a little below the centre, to 

ive room for the beforemention'd handle, when the object-metal 
is lifted into or out of the tube; at other times it is cloſed with 
a ſliding ſhutter. The metal is placed ſo as to have its axis coincide 
with that of the tube, by the means of three ſmall buttons fix'd 
to the inſide of the tube, having their hinder ends all in the ſame 
plane, to which this axis is perpendicular. Two of theſe appear at 
aa, the third being at the middle of the bottom of the tube, is not 
ſeen, The foreſide of the metal reſts againſt theſe buttons in three 
points of its circumference nearly equidiſtant from each other, and 
15 held to them by three ſcrews, (one of which appears at b) which 
run through the octangular board at the end of 7 tube, and bear 
againſt the back of the metal, (in three points, which directly 
anſwer thoſe three on the foreſide) with juſt ſo much force as is 
requiſite to keep it ſteady in its place. They muſt not be ſcrewd * 
harder againft the metal for fear of bending it, which ( tho? it is half 
an inch in thickneſs) a very little force is ſufficient to do. When 
the inſtrument is not uſed theſe ſcrews are looſen'd, and the object- 
metal is taken out and laid by, to prevent its tarniſhing. 

The oval plane is compos'd of a plate of the ſame metal with the 
great ſpeculum, about 7 or of an inch in thickneſs, ſolder'd on 
the back to another of braſs. Its breadth is ſomething leſs than 
half an inch, and is in proportion to its; length as 1 to / 2, At 
one end of the oval, the braſs plate projects a little beyond the other, 
and has a ſcrew cut through it in that part, as hkewiſe another 
directly againſt the centre of the foreſide. The other end is 
cypher'd away on the backſide, that it may intercept as few of the 

*rays, in their paſſage towards the object-metal, as is poſſible. The 
two ſcrew-holes in the back ſerve to fix this oval A, fig. 98. to a pig. 98. 
braſs arm B, which is faſtened at the other end into a flider EE. 
hg. 97. and 98. This flider is 2 an equal thickneſs with the * 
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of the tube, and has a groove, G G, fig. 97. cut for it in that fide 
parallel to the axis, and long enough to give room for its motion, 


to ſet the two ſpecula at the different diſtances, which the ſeveral 
eye-glaſſes require, It reſts on the inſide againſt two thin 1:dges 
faſtened within the tube along the ſides of the groove. On the 
outſide it is kept in its place by a ſliding ſhutter not expreſſed in 
the figure, In the middle it has a cylindric cavity D, fig. 98. 


whoſe axis is exactly perpendicular to its inner and outer ſurfaces. 


Each of the boxes, in which the eye-glaſſes are contained, is fitted 
to this cavity. The beforemention'd braſs arm is fix'd into the 
inſide of this ſlider, towards the end fartheſt from the obje&t-met##7; 
it riſes perpendicular for about two inches, and is made flat, ſo as 
to turn one edge to the rays which come from the object. About 
b, it is bent forwards and flatted the other way, ſo that when the 
back of the oval plane is held flat to it, by the two ſcrews cc, 


the axis of the cylindric cavity may fall on the centre of its foreſide, 


inclin'd to its furface in an angle of ſomething leſs than forty five 
degrees. This angle is brought to be exact by two very ſmall 
ſcrews, i i, whoſe threads take hold in the flatted end of the braſs 
arm, and their points bearing againſt the back of the oval, raiſe 
one end of it a little from the flat of the arm. The ſpecula are 
ſet at their due diſtance, by turning of a long ſcrew C C, for which 
there is a nut lodged in the flider at g; the ſcrew is kept from 
moving backward or forward, when it is turned, by a braſs plate F, 
which is to be fix*d to the flat end of the ſide of the tube, and taken 
off at pleaſure. Each of the eye-glaſs boxes H, has a ſcrew on 
the outward end, to faſten to it a bowl or diſh I, to receive the ball 
of the eye, and guard it from external light. 

On the top of the tube is fix'd, on two ſmall pedeſtals, a common 
dioptrick teleſcope H, fig. 97. about eighteen inches long, its axis 


parallel to that of the tube; and having two hairs plac'd in the com- 


mon focus of its object and eye-glaſſes, croſſing one another in its 
axis. 

There are three convex eye-glaſſes belonging to the inſtrument. 
The firſt or ſhalloweſt has its focal diſtance of about? of an inch: 


the ſecond of ; and the deepeſt of 322, or ſomething leſs. When 


the firſt of theſe is uſed” with the inſtrument, it magnifies about 188, 


or 190 times in diameter; with the ſecond about 208; and with the 
third 228 or 230. Each of theſe glaſſes has placed, in that focus 
neareſt the oval, a circle to determine the part of the object ſeen at 
one view; and in the other focus, toward the eye, a braſs plate with 
a little hole in the middle, to let no light paſs to the eye from the 
inſide of the tube, but what comes from the oval. Beſides theſe 
three convex, there are two concave eye-glaſſes, with which it mag- 


_ nifies about 200 and 220 times; and alſo a ſett of three convex, 


which turn at into a day teleſcope, magnifying about 125 times. 
| The - 
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The aperture is limited by a circle of card or 2 placed be- 
E 


fore the object - metal in the tube. To vary the aperture there are 


149 


three of theſe circles, and the apertures allowed by them are five 


inches and an half, five inches, and four and an halt, tho* for ſome 
objects the whole metal may be left open. | 

The engine made uſe of to direct the tube to any object, conſiſts 
of a ſtrong plank F F, fig. 97. and 99. about fourteen inches wide, 
and two foot and an half or three foot long, which ſerves as a foun- 
dation for the whole. Near one end of this plank is placed an up- 
right fourſided box III, fig. 97. and 99. about two foot high, nar- 
rower at the back next the end of the plank than before : its two 
ſides are mortiſed both into the plank below aa, fig. 99. and into 
the top of the box abovedd; the back and fore part are faſten'd 
to the edges of the ſides with wood-ſcrews. The tbp has a circular 
hole cut in it, ſomething above three inches in diameter, whoſe 
centre is about three inches diſtant from the outſide of the back, and 
at an equal diſtance from the two ſides. This hole gives paſſage to 
a turning pillar B, in the bottom of which there is fix'd an iron 
pivot c, to turn in a thick brafs plate lodged in the plank b. The 
upper end of the pillar riſes about an inch and an half above the top 
of the box, and is mortiſed into a ſtrong head K, fig. 97. and 99. 
about eight inches in length, and four or five in breadth and thick- 
neſs. This head carries two cheeks, L L, about thirteen or fourteen 
inches 1h height, their hinder edges, towards the lower end, ex- 
tending five inches beyond the axis of the pillar backward. Along 
the back of theſe cheeks, at equal diſtances above one another, there 
are notches tending, obliquely downwards, and anfwering one another 
in each cheek, to receive the pivots of a crooked iron axis C, fig. 99. 


on which the tube is plac'd. The notches are made at different 


heights, to keep the eye-glaſs at a proper height for the eye, in 
different elevations of the object above the horizon. The figure of 
the axis anſwers that of the three under fides of the tube. The axis 
of the tube lies about two inches and an half higher than the axis of 
the motion upon theſe pivots; and the centre of gravity, when the 
object- metal is in, is about three inches backwarder. To keep the 
tube from ſlipping back, when its fore end is raiſed, it has two f 
tons fixed to it, which reſt againſt the fore part of the axis. | 

To keep the pillar from touching any of the ſides of the round 
hole in which it turns, a cylindric ſector containing about 65* or 70%, 
and about an inch in height,” is cut out on the back part of the 
pillar near the upper end D. In the angle of this cavity 1s 
hx*d a thin ſteel plate oo, bent croſs the middle to the ſame angle. 
The internal angular edge, between the two parts of this plate, lies 
in the axis of the pillar, and turns upon the harden'd tdge of a 
wedgelike iron f, whoſe baſe or broad part is faſten'd with two 


. ſtrong 


Fig. 99. 
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ſtrong ſcrews on the top of che box, directly behind the round hole 


beforemention'd. 

The upper parts of the cheeks are ſtrengthened by two brackets 
G G, leaving room between them for the bottom of the tube to touch 
the upper edge of the fore part of the head. The hinder part of the 
head is alſo hollow'd in the manner repreſented in figure 99. 

The head on its fore part carries a flat arm M, fig. 97. about 
twenty ſeven inches long, a little taper towards the farther end, where 
it is four inches broad. This is ſtrengthened by a narrow ſlip glew'd 
edgewiſe along the middle underneath O, and alſo by a brace or ſtay 
N, reaching from the turning pillar to within nine inches of the end 
of the arm. The ſtay paſſes through a tranſverſe opening cut in the 
fore part of the box P, which is long enough to allow room for a 
ſufficient motion of the pillar round its axis. | a 

On the other end of the bottom plank, tranſverſely to its length, 
is erected a board about twelve inches wide, and twenty-ſix or twenty- 


| ſeven high Q, the top of it reaching within an inch and an half 


of the under ſide of the arm. This board is held firm in its poſition 
by a ſpur R, "at of its upper end on the outſide is pared off toward 
the edges to form it into the ſegment of a cylinder, whoſe axis co- 
incides with that of the pillar. Its uſe is to ſupport a reſt SS, on 
which the end of the flat arm moves backward and forward. This 
reſt being apply'd tranſverſely to the outer part of the upright board, 
where it is made cylindric, is bent into the ſame figure, by the means 
of four ſcrew-pins, two of which paſſing through each end of this, 
and of another piece of the ſame length I, (but ſomething narrower ) 
placed over againſt it on the inſide of the board, by their nuts draw 
them together, ſo as to graſp the end of the — board between 
them; the upper edge of the reſt being firſt ſhot with a plane very 
ſtrait and ſmooth. To render the motion of the arm along the reſt 
ſmooth and eaſy, it has two rollers lodged in a box fix'd near to the 
end, on its under ſide U, to roll upon the edge of the reſt, when the 
end of the arm is moved along it. One of the rollers is placed near 
each. edge of the arm, and their axes lye in lines paſſing through the 
axis of the turning pillar, The reſt is kept up to them, with a pro- 
per degree of force, by two ſcrews WW, which run in two plugs 
XX, faſtened on the ſides of the upright board, and bear againit the 
under ſides of two pieces fix*d on the infide of the reſt. 

The motion of the tube is governed by two braſs pegs Y and Z. 
The firſt of theſe Y, is plac'd about 10 or 11 inches from the end 
of the arm, and has a line wound round it, which paſſing under a ſmall 


- pulley f, fix'd in a vertical poſition near the end of the arm, is fa- 


ſtened to a ſtaple on the under ſide of the tube g. This line, by the 
turning of the peg, brings the fore-end of the tube to its due- cle- 
vation, being acted againſt by the exceſs. of weight in the hinder end 
of the tube, when the metal is in it, which is equivalent to abo 


ut two 


pound 
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| pound at g. where the line is faſtened. In great elevations of the 


object above the horizon, the line is not carried ſo far as the point g; 
but is faſten'd a little above the pulley, to a light ſquare ſtick h, ha- 
ving at one end a hook, by which it takes hold of the ſtaple g. This 
is done, that the ſpringyneſs of the line may not continue a vibrating 


motion in the tube, (When any thing happens to ſhake the inſtru- 


ment) and make the obje& appear to tremble. The lower part of 
the ſtick reſts againſt the end of the arm, and by its light friction 
contributes to the ſame effect. | 

The other peg Z is ſo plac'd, that it may be conveniently reached 
by one hand of the obſerver, while the other is em about the 
peg Y : it regulates the horizontal motion of the tube, by means of 


a line, which being wound about the peg at one end, paſſes by ano- 
ther ſmall pulley placed cloſe- by the fide of the aforementioned one 
in an horizontal poſture \( not to be ſeen in the figure) and is hung on 
a pin driven into the little head K. It is acted againſt by two ſprings 


m and u, fig. 99. placed in the box III, one on each fide of the 


turning pillar ; that on the right hand n, draws the right fide of the 
1 pillar forward, by a very ſtrong line, which being faſtened to the 
head of the ſpring, paſſes round the back part of the pillar to a pin 
at P, by which it is ſtrain'd to its due ſtrength. The ſpring on the 

left hand u, draws the left fide of the pillar backwards in the ſame 
manner. Theſe pins are plac'd on the pillar a little higher than the 
1 tops of the ſprings, that being drawn a little downwards, as well as 
turn'd round its axis, the pivot in its bottom may not be raiſed out 
of the hole in the braſs plate, when the reſt bears hard againſt the 


„ 


\ 


rollers at the end of the arm. Each of theſe ſprings draws with a 
force equal to about 18 or 20 pounds weight, when the end of the 
arm is carried cloſe to the ſmall head k, fig. 97. and conſequently 
(the ſemidiameter of the pillar being an inch and half, and the di- 
ſtance of that head from the axis about 28 or 29 inches) the end of 
the arm will be carried by the united forces of both the. ſprings to- 


{ wards the other end of the reſt, with a force equivalent to the weight 
of about two pounds. Each of the pegs V and Z, turns in a hole 


made in a piece of wood I, faſtened to the under ſide of the arm; 
and the pieces being flit with a ſaw from one end through the hole, 


| and about half an inch beyond it, the ſeparated parts are drawn to- 


gether by a ſkrew m, till the end of the peg is griped between them 
with a due degree of force. By theſe pegs, with the help of the 
teleſcope , the tube is eaſily directed to any object, and made to 
accompany a celeſtial one in its diurnal motion, while the end of the 
arm moves the whole length of the reſt. 


If it be deſired, that when the object is found, the turning of one 


peg ſhould carry the tube along with the motion of the heavens, ſo as 


to keep the object always in ſight; this may eaſily be effected in 
various manners, 3 
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Obſervations made with a refleting Teleſcope. Part I. 


The concave ſurface of the object- metal has many little ſpots in 
it, which could not be brought to take a poliſh. In one or two places, 
the metal it ſelf ſeems to have ſome ſmall parts, ſomething harder or 
ſofter than the reſt, occaſioning an irregularity in the figure of the 
metal about them. But theſe parts being ſmall in proportion to the 


whole do not ſeem conſiderably to affect the diſtinctneſs of the ap- 


pearance. 


The open air has commonly an undulating motion in its parts, eſpe- 
cially in the day-time, which occaſions the rays of light to deflect a 


little from the {trait lines, in which they ought to move, in order to 
render the ſpecies perfectly diſtinct. The effect of this, tho? inſenſible 


to the naked eye, or even thro? a ſmall teleſcope, becomes conſiderable 
when the object is very much magnified. The inſtrument, when try'd 
at an object incloſed, ſo as to ſecure it from this inconvenience, ſeems 
to bear an aperture of. five inches and an half, with the deepeſt of the 
forementioned eye-glaſſes,as well as the common teleſcopes do the uſual 


charge and aperture given to them, except chat in theſe the objects ap- 


pear a little brighter. 


Fig. 97. repreſents the inſtrument placed on the machine, in order to 
be apply'd to uſe. . | 


Fig. 98. repreſents the inſide of the ſlider, with the reſt of the ap- 


paratus belonging to the oval plane and eye-glaſs. 


Fig. 100. 
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Fig. 99. repreſents the hinder part of the machine, the back, and one 


ſide of the box, being taken away, to ſhew the turning pillar and ſprings 


on the inſide. | „ 
Fig. 100. repreſents Saturn as it appear'd in June 1720. by this 


teleſcope. | 


IV. 2 1 were to be wiſh'd that with the particular deſcription given 


in Numb. 376. of Phil. Tranſ. + of the curious mechaniſm of 
that catadioptric teleſcope which was made by Mr. Hadley, and by 
him preſented to the Royal Society, that moſt ingenious gentleman 
would have communicated alſo a full account of what obſervations he 
had made with it, whereby the public might at length have been ap- 
prized of the uſefulneſs "rg an invention (worthy of its great author 
Sir Iſaac Newton) which perhaps from the vair{-attempts made by 
ſome of putting it in practice, hath lain neglected theſe 30 years; for 
it is ſo long ſince it was firſt publiſhed in the philoſophical tranſactions 
Numb. 81. + TWIT 
Mr. Hadley hath ſufficiently convinced us-that this noble invention 
doth not conſiſt in bare theory, and it is to be hoped that he or 
ſome other ſuch curious and worthy perſons (who ſcruple not at a little 
pains and coſt) will in a ſhort time find out a method either of pre- 
ſerving the concave metal from tarniſhing, or of clearing it eaſily when 
tarniſhed, or elſe ot making a good concave ſpeculum of*glaſs quick- 
ſilver'd en the back part. When a method for either of theſe ſhall be 
diſcovered *tis not to be doubted but that the old dioptric teleſcope 
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Cnae. III. Obſervations made with a reflefting teleſcope. 
will be for the moſt part laid by, and this catoptric one will be chiefly 


in uſe among the practical aſtronomers, inaſmuch as ſeveral inconve- 
niences and difficulties which are unavoidable in the management of the 
former eſpecially when long, are in this latter wholly avoided. 

It is no ſmall convenience that by means of one of theſe reflecting 
teleſcopes, whoſe length exceeds not five feet (and which may be ma- 
naged at a window within the houſe) celeſtial objects appear as much 
magnified and as diſtinct as they do throꝰ the common teleſcope of more 
than 100 feet in length. 

Mr. Bradley the“ Savilian profeſſor of aſtronomy and myſelf have 
compared Mr. Hadley's teleſcope (in which the focal length of the 
object metal is not quite 5 feet and ;;) with the Hugenian teleſcope, the 
focal length of whoſe object glaſs is 123 feet; and we find that the for- 
mer will bear ſuch a charge as to make it magnify the object as many 
times as the latter with its due charge, and that it repreſents objects as 
diſtin& tho? not altogether ſo clear and bright, which may be occaſion'd 
partly from the difference of their apertures (that of the Hugenian being 
ſomewhat larger) and partly from ſeveral little ſpots in the concave 
ſurface of the object metal which did not admit of a good poliſh. 

Notwithſtanding this difference in the brightneſs of the objects, we 
were able with this reflecting teleſcope to ſee whatever we have hitherto 
diſcovered by the Hugenian, particularly the tranſits of Jupiter's ſatel- 
lites, and their ſhades over the diſk of Jupiter, the black liſt in Saturn's 
ring, and the edge of the ſhade of Saturn caſt on his ring, as repreſented 

fig. 100. 

"We have alſo ſeen with it ſeveral times the five Satellites of Saturn, 
in viewing of which this teleſcope had the advantage of the Hugenian 
at that time when we compared them; for it being in ſummer, and the 
Hugenian teleſcope being managed without a tube, the twilight pre- 
_ vented us from ſeeing in this ſome of thoſe ſmall objects, which at the 
ſame time we could diſcern with the reflecting teleſcope. 

IV. 3. IN obſerving Jupiter's ſatellites Mr. Hadley ſaw diſtinctly the 

nts the 1ſt and 3d ſatellites caft upon the body of the 
planet; and in obſerving Saturn the laſt ſpring at a time when that pla- 
net was about 15 days paſt the oppoſition, he ſaw the ſhade of the pla- 
net caſt upon the ring, and plainly diſcerned the ring to be diſtinguiſhed 
into two parts, by a dark line concentric to the circumference of the 
ring. The outer or upper part of the ring ſcemed to be narrower than 
the lower or inner part next the body, and the dark line which ſcpara- 
ted them was ſtronger next the body, and fainter on the outer part to- 
wards the upper edge of the ring. Within the ring he diſcerned two 
belts, one of which croſs'd Saturn cloſe to its inner edge, and ſeemed 
like the ſhade of the ring upon the body of Saturn ; but when he con- 
lidered the fituation of the ſun in reſpect to the ring and Saturn, he 
found that belt could not ariſe from ſuch a cauſe. 
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Account of Mr. Leeuwenhoek's Microſcopes. Parr J. 


He ſays that at times he has ſeen with this teleſcope three different ſa- 
tellites of Saturn, but could never have the fortune to ſee all five. 

Aug. 1723. Mr, Hadley adds, that he has ſeveral times ſeen the ſha- 
dow of the firſt, ſecond, and third ſatellites of Jupiter paſs over the 


body of that planet, and that he has ſeen the firſt and ſecond appear as 
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a bright ſpot upon the body of Jupiter, and has been able to keep ſight 


of them there for about a quarter of an hour from the time of their en- 


tring on his limb. ; 

Jupiter's ſatellites have of late years been ſo ſituated with regard to 
the Earth and Jupiter, that he has not had ſufficjent opportugity of ob- 
ſerving the tranſit of the fourth ſatellite or of its ſhadow. 

The dark line on the ring of Saturn, parallel to its circumference, 
is chiefly viſible on the anſz, or extremities of the elliptick figure, in 
which the ring appears ; but he has ſeveral times been able to trace it 
very near, if not quite round ; particularly in May, 1722. he could 
diſcern it without the northern limb of Saturn, in that part of the ring 
that appeared beyond the globe of the planet. The globe of Saturn 
(at leaſt towards its limb) reflects lefs light than the inner part of the 
ring, and he has ſometimes diſtinguiſh'd it from the ring by the diffe- 
rence of colour. 

The duſky line which in 1720 he obſerved to accompany the inner 
edge of the ring croſs the diſk, continues cloſe to the ſame, tho? the 
breadth of the ellipſe is conſiderably increas'd ſince that time. 
V. IT T is now above go years ſince the late Mr. Leeuwenhoek firft 

began his correſpondence with the Royal Society, when he was 
recommended by Dr. Regnerus de Graaf as a perſon already conſide- 
rable by his microſcopical diſcoveries made with glaſſes contrived by 
himſelf, and excelling even thoſe of the famous Euſtachio Divini, ſo 
much talk*d of in the learned world; and as he has ever ſince that time 
apply'd himſelf with the greateſt diligence and ſucceſs to the ſame ſor: 
of obſervations, no doubt can be made of the excellency of thoſe inftru- 
ments he ſo long us'd, ſo much improv'd, and upon the fulleſt expe- 
rience ſo often commended in his letters; great part of which at his 
deceaſe he thought fit to bequeath to this ſociety, for whom he ever 
expreſis'd the greateſt eſteem and reſpect. He had indeed intimated 
this deſign in ſeveral of his letters, and in his laſt will and teſtament 


gave orders that the glaſſes ſhould be deliver'd as ſoon as conyeniently 


might be after his deceaſe z which was accordingly done by the dire- 
ctions of his furviving daughter Mrs. Maria van Leeuwenhoek, to 
whoſe great care we are oblig'd for the fafe and ſpgedy delivery of this 
very curious and valuable preſent. 
The legacy conſiſts of a fmall Indian cabinet, in the drawers of which 
are 13 little boxes or caſes, each containing two microſcopes handſome- 
ly fitted up in ſilver, all which, not only*the glaſſes but alſo the appa- 
ratus for managing of them, were made with his own hands ; beſides 
Which they ſeem to have been put in order in the cabinet by himſelf 
as, 


Io © 
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as he deſign'd them to be preſented to the Royal Society, each micro- 
ſcope having had an object placed before it, and the whole being ac- 
company'd with a regiſter of the ſame in his own hand-writing, as be- 
ing deſirous the gentlemen of the ſociety ſhould without trouble be en- 
abled to examine many of thoſe objects on which he had made the moſt 
conſiderable diſcoveries. 

Several of theſe objects yet remain before the microſcopes, tho? the 
greater number are broken off, which was probably done by the ſha- 


king of the boxes in the carriage. I have nevertheleſs added a tranſla- 


tion of the regiſter, as it may ſerve to give a juſter idea of what Mr. 
Leeuwenhoek deſign'd by this legacy; and alſo be of uſe, by putting 
any curious obſerver in mind of a number of minute ſubjects that may 
in a particular manner deſerve his attention. 

The, 13 caſes above mentioned are number'd from 15 to 27 inclu- 
ſively, correſponding to which is the regiſter of the objects two to every 
caſe as follows. 

Ne 15. Globules of blood, from which its redneſs proceeds. 
A thin ſlice o! wood of the lime-tree, where 1 veſſels con- 
veying the ſap are cut tranſverſely. 
Ne 16. The eye . a Gnat. 
Ne 17. A crooked hair, to which adheres a ring-worm, with a 
piece of the cuticle. 
A ſmall hair from the hand, by which it appears thoſe hairs 
are not round. 0 
Ne 18. Fleſh of the Codfiſfi (Cabeljaeuw) ſhewing how the fibres 
lie oblique to the membranes. 
An embrio of cochineal taken from the egg, in which the limbs 
and horns are conſpicuous. 
Ne 19. Small pipes which compoſe the Elephant's tooth. 
Part of the cryſtalline humour from the eye of a Whale. 
No 20. A a of Sheep's wooll which is broken, and appears 
to conſiſt of many leſſer threads. 
The inftrument whence a Spider ſpins the threads that com- 
poſe his web. 
Ne 21. A Granade or ſpark made in ſtriking fire. 
The veſſels in a leaf of tea. 
Ne 22. The animalcula in ſemine maſculino of a lamb taken from 
the teſticle, July 24, 1702. 
A piece of the tongue of a hog full of ſharp points. 
Ne 23. A fibre of Codfiſh conſiſting of long ſlender particles. 
Another. of the ſame. 
Ne 24. A filament conveying nouriſhment to the nutmeg cut 
tranſverſe] | 


Another piece of the fame in which the figure of the veſſels | 


may be ſeen. 
F @ 2 Ne 26. 
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No 25. Part of the bone or tooth above mentioned conſiſting of 
hollow pipes. i 
An exceeding thin membrane, being that which cover'd a very 
ſmall muſcle. 
Ne 26. Veſſels by which membranes receive nouriſhment and 
increaſe, 
A bunch of hair from the inſect call'd a hair-worm. 
Ne 27. The double ſilk ſpun by the worm. 
The organ of ſight of a Fly. | 
It were endleſs to enter into any particulars of what is to be obſer- 
ved in any of theſe objects, or indeed to give any account of Mr. Leeu- 
wenhoek's diſcoveries ; they are ſo numerous as to make up a conſide- 
rable part of the Philoſophical Tranſactions, and when collected toge- 
ther to fill four pretty large volumes in quarto, which have been pub- 
liſhed by him at ſeveral times; and of ſuch conſequence as to have 
opened entirely new ſcenes in ſome parts of natural philoſophy, as we 
are all ſenſible in that famous diſcovery of the animalcula in femine 
maſculino, which has given a perfectly new turn to the theory of gene- 


ration in almoſt all the authors that have ſince wrote upon that ſubject. 


For the conſtruction of theſe inſtruments it is the ſame in them all, 
and the apparatus is very ſimple and convenient; they are all ſingle 
microſcopes conſiſting each of a very ſmall double convex glaſs let 
into a ſocket between two ſilver plates rivetted together and pierc'd 
with a ſmall hole; the object is placed on a filver point or needle, 
which by means of ſcrews of the ſame metal provided for that purpoſe, 
may be turn'd about, rais'd, or depreſs'd, and brought nearer or put 
farther from the glaſs as rhe eye of the obſerver, the nature of the ob- 
ject, and the convenient examination of its ſeveral parts may require. 


Mr. Leeuwenhoek fix'd his objects if they were ſolid to this ſilver 


point with glew ; and when they were fluid or of ſuch a nature as not 
to be commodiouſly view*d unleſs ſpread upon glaſs, he firſt fitted them 
on a little plate of talk, or exceſſively thin blown glaſs, which he af- 

terwards glewed to the needle in the ſame manner as his other objects. 
The obſervation indeed, of the circulation of the blood, and ſome 
others, require a ſomewhat different apparatus, and ſuch a one he had, 
to which he : occaſionally fix'd theſe ſame microſcopes ; but as it 
makes no part of this cabinet, I ſhall omit giving any farther account 
of it, only taking notice that it may be ſeen in letter to the Royal 
Society of the 12th of January, 1689, and printed in his Arcana 
nature Detecta, Ne. 69. But I was willing to mention juſt ſo much 
as it may ſerve to ſhew the univerſal uſe of theſe microſcopes, and as 
it induces me, among other things, to believe, theſe were the kind of 
microſcopes generally, if not ſolely, us'd by this curious gentleman 
in all his obſervations, and to which we are oblig'd for his moſt ſur- 
prizing diſcoveries, 
Another 
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Another particular to the ſame purpoſe, I would not omit, and 
that is, that upon the late queen Mary's doing Mr. Leeuwenhoek the 
honour of a viſit at Delft, and viewing his curioſities with great ſu- 
tisfaction, he preſented her with a couple of his microſcopes, which 
as I have been inform'd by one who had them a conſiderable time in 
his hands were of the ſame ſort as theſe, and did not any ways 
differ from one of the 13 caſes contain'd in the drawers of this 
cabinet. 

The glaſſes are all exceedingly clear, and, ſhew the object 
very bright and diſtinct, which muſt be owing to the great 
care this gentleman took in the choice of his glaſs, his exactneſs in 
giving it the true figure; and afterwards amongſt many, reſerving 
ſuch only for his uſe, as he upon tryal found to be molt excellent. 
Their powers of magnifying are different, as different ſorts of ob- 
jects may require; and, as on the one hand, being all ground glaſſes, 


none of them are ſo ſmall, and conſequently magnify to ſo great a 


degree, as ſome of thoſe drops frequently us'd in other microſcopes z 
5 on the other, the diſtinctneſs of theſe very much exceeds what I 

ave met with in the glaſſes of that ſort; and this was what Mr. 
Leeuwenhoek ever principally propos'd to himſelf, rejecting all thoſe 
degrees of magnifying in which he could not ſo well obtain that end 
for he informs us in one of his letters where he is ſpeaking of the 
exceſſive praiſe ſome give to their glaſſes on this account, that although 


he had above forty years had glaſſes by him of an extraordinary ſmall- | 


neſs, he had made but very little uſe of them; as having found in a 
long courſe of experience, that the moſt conſiderable diſcoveries were 
to be made with ſuch glaſſes as magnifying but moderately, exhi- 
bited the object with the moſt perfect brightneſs and diſtinction. 

But however excellent theſe glaſſes may be judg*d, Mr. Leeuwen- 
hoek's diſcoveries are not entirely to be imputed to their goodneſs 
only: his own great judgment and experience in the manner of uſing 
them, together with the continual application he gave to that buſineſs, 
and the indefatigable induſtry with which he contemplated. often and 


long upon the ſame ſubje&, viewing it under many and different cir- 


cumſtances, cannot but have enabled him to form better judgments 
of the nature of his objects, and ſte farther into their conſtitution, 
than it can be imagined any other perſon can do, that neither has the 
2 nor has taken the pains this curious pUrnor had ſo long 
ONE. ; 

Nor ought we to forget a piece of ſkill, in which he very parti- 
cularly excell'd, which was that of preparing his objects in the beſt 
manner, to be view'd by the microſcope ; and of this I am perſuaded 
any one will be ſatisfied, who ſhall apply himſelf to the examination 
of ſome of the ſame objects as do yet remain before theſe glaſſes; 
at leaſt, I have my ſelf found ſo much difficulty in this par- 


ticular, as to obſerve a very ſenſible difference between the appear- 
L ances. 
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ances of the ſame object, when apply'd by my ſelf, and when pre- 
pared by Mr. Leeuwenhoek, though view'd with glaſſes of the very 
ſame goodneſs. : ; 

I have the rather inſiſted upon this, as it may be a caution to us, 
that we do not raſhly condemn any of this gentleman's obſervations, 
though even with his own glaſſes we ſhould not immedaately be able 
to verify them our ſelves. We are under very great diſadvantages for 
want of the experience he had, and he has himſelf put us in mind 
more than once, that thoſe who are the beſt ſkill'd in the uſe of 
magnifying-glaſſes may be miſled, if they give too ſudden a judg- 
ment upon what they ſee, or *till they have been aſſured from repeated 
experiments. But we have ſeen ſo many, and thoſe of his molt ſur- 
prizing diſcoveries, ſo perfectly confirm'd by great numbers of the 
moſt curious and judicious obſervers, that there can ſurely be no 
reaſon to diſtruſt his accuracy in thoſe others, which have not yet been 
ſo frequently or carefully examin'd. - 

Upon the whole, it is to be ge 5 ſome of the ſociety will purſue 
thoſe enquiries the late poſſeſſor of theſe microſcopes was ſo deſervedly 
famous for; and that as we have loſt in Mr. Lecuwenhoek a moit 
worthy member and a moſt valuable correſpondent, this laſt piece of 
his reſpect to the Royal Society will not only enrich our repoſitory, 
but both encourage and enable ſome other diligent obſerver to proſe- 
cute the ſame curious and uſeful diſcoveries. 


2 | 5 axode he - 
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Aſtronomy. 


I EREFE the; medium of our air much more in quantity, 


or the force of gravity much greater than it is or in 2 
word were the refractive power of the air much more ſenſible 


than we find it, nothing could have been a greater impediment to dil- 


coveries in aſtronomy : for all objects appearing by refraction higher 
than really they are, till ſuch time as the laws and quantity of that re- 
fraction had been aſcertained, it would have been impoſible to have 
been ſecure of the true obſerved place of any cceleſtial object. But 
as it falls out to be ſo little, that none but nice inſtruments can per- 
ceĩve its effects, it was not diſcovered to be at all till Bernard Walther's 
time, about the year 1500; nor brought to any ſort of rule tilt Tycho 
Brahe; nor aſcertained till our worthy preſident made the firſt ac- 
curate table thereof: The curve which a beam of light deſcribes 
as it approaches the earth, being one of the moſt perplext and in- 
tricate that can well be propoſed, as Dr. Brook Taylor in the laſt 
propoſition of his Methodus incrementorum has made it evident, By 


3 this 
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this table it follows that the ratio of the ſine of the angle of incidence 
to that of the refracted angle increaſing as the beam approaches, 
makes a very notable difference in the place of an object gear the 
horizon: but in objects that are much elevated, the refractions be- 
come ſmall; and their differences ſcarce exceed a ſecond per degree; 
ſo that they are ſufficiently the ſame as if the incident and refracted 
angles were on the ſurface of a ſphere of air of the ſame uniform 
denſity cloſe adjoining to the eye. 

When theretore the ſtars are twenty degrees or upwards elevated 


above the horizon, we may take it for granted without ſenſible error, 


that the ſines of the true and apparent diſtances from the vertex, 
are in the ſame conſtant ratio. Hence it will appear that the diſtances 
of all the ſtars are ſeen leſs than they really are, in whatever poſition 
they are taken, and that not leſs than a ſecond per degree of the di- 
ſtance ; that is, a diſtance of 30 degrees, for example, is contracted at 
leaſt ſo many ſeconds, and one of 60 gr. no leſs than a minute, if the 
diſtances be taken by an inſtrument that is truly divided. So that 
when Mr. Hevelius, to ſhew the exactneſs of his obſervations, brings 
eight diſtances as taken by his ſextant, which exactly compleat the 
circle both in longitude and right aſcenſion; the conſequence is really 
quite oppoſite to his deſign: for if thoſe diſtances were the true ones, 
they being all contracted by appearing through a refracting medium, 
the ſum of the eight differences of both longitude and right aſcenſion 
ought to fall ſhort of a whole circle or 360 degrees by at leaſt fix mi- 
nutes; ſo that I am inclined/to believe that the ſixty degrees of 
Mr. Hevelius's ſextant wanted about a minute of its true quantity. 

Such an allowance as this may perhaps be a proper expedient to 
avoid accounting for retraction in celeſtial obſervations, provided the 
objects be nearly parallel to the horizon, or at a good height above 
it. For all diſtances of ſtars are contracted by refraction, when they 
are parallel to the horizon, by the ſame conſtant quantity, be they 
high or low, that is, by about one ſecond per degree; the chords of 
the arches of the real and viſible diſtances being always in the ſame 
ratio as is the ſine of the angle of incidence to that of the refracted 
angle. | | 

And this is the caſe wherein the refraction of the air does leaſt af- 
fe&t the diſtances of the ſtars, which diſtances are ſtill more and more 
contracted, as they are nearer to a perpendicular ſituation : ſo that 
a diſtance, for example, of thirty degrees loſes but half a minute ih a 
horizontal ſite ; but if one ſtar be 20 degrees high and the other fifty, 
it will be leſſened by above three times as much, or by 1 m. 41 ſec. 
If the one be 3o and the other 60 degrees high, the ſame diſtance will 
appear leſs than 30 degrees by about one minute; the difference till 
decreaſing as the objects are more elevated above the horizon. But in 


all caſes to account for the effect of the Refraction upon the diſtances 
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of the ſtars, requires, beſides ſome trigonometrical work, the help 
of the fore-mentioned table, which I here ſubjoyn for the uſe of the 
curious, ſuch as I long ſince received it from its great author; it ha- 
ving never yet, that I know of, been made public. 


Tabula refractionum ſiderum ad altitudines apparentes. 
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Caf. IV. Of the Refraction of the Air. 

Bas curious to learn by obſervation how far the mercury will 


deſcend in the tube at any given elevation, for which there is 
ſufficient opportunity hereabouts, I propoſed to take the altitude of 
ſome of our higheſt hills; but when we attempted it we found our ob- 
ſervations ſo diſturb'd by refractions that we could come to no certainty. 
Having meaſur*d one hill of a conſiderable height in a clear day, and 
obſerved the mercury at the bottom and at the top, we found accord- 
ing to that eſtimation that about 90 feet or upwards were required to 
make the mercury fall one tenth of an inch; but coming aſterwards 
to repeat the experiment on a cloudy day when the air was ſomewhat 
roſs and hazy, we found the ſmall angles ſo much augmented by re- 
raction as to make the hill much higher than before, tho' they were 
taken carefully with very good inſtruments both at that time and be- 
fore. I afterwards frequently obſerv'd at home by pointing the qua- 
drant to the tops of ſome of our neighbouring mountains, that they 
would appear higher in the morning before ſun- riſe and alſo late in the 
evening than at noon in a clear day, by ſeveral minutes; particularly 
one morning in December laſt, when the vapours lay condens'd in the 
valleys, and the air above was very pure, the top of a mountain at ſome 
diſtance from hence appear'd more elevated by above 30 minutes than 
it had done-in the beginning of September about noon on a very clear 
day. From whence it appears that the refraction is at ſome times grea- 
ter than at others; but probably *tis always very conſiderable; and as 
there is no certain rule to make allowance for it, it ſeems likely that all 
obſervations made on very high hills, eſpecially when view'd at a di- 
ſtance, and under ſmall angles, as they commonly are, are uncertain, 
and ſcarce to be depended on, — erring in making the heights 
greater than they really are. | 


| | III. Hoſe that are curious in obſerving the heavenly motions, and 


particularly myſelf whoſe buſineſs it is, are greatly obliged 
to the late Signior Caſſini for his thought of applying threads at half 
right angles in the common focus of a teleſcope, to determine thereb 
the differences of right aſcenſion and declination of any two ſtars whoſe 
ſituation is ſuch that by their diurnal motion they follow each other 
thro? the aperture of the teleſcope, ſo fix'd as that the firſt of them may 
paſs over the centre of the glaſs and move exactly along one of the 
threads, whilſt the interval of time between the tranſit thereof and that 
of the following ſtar, is exactly meaſured by a pendulum clock well 
adjuſted ro the mean motion of the ſun, or elſe to the revolution of the 
fix d ſtars, whereby the difference of right aſcenſion is given; as is the 
difference of declination by the time the following ſtar takes to paſs 
from one diagonal thread to the other. This manner of obſerving being 
long ſince publiſhed will not in this place need any further explication ; 
but it may not be amiſs to ſay ſomething of the ſufficiency thereof and 
of the exactneſs of which an inſtrument of ſo — — charge and appa- 
liged to make uſe — 
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and the micrometer only for my obſervations. I need not ſay with 
what exactneſs Dr. Pound and his nephew Mr. Bradley did, myſelf be- 
ing preſent, in the laſt oppoſition of the ſun and Mars, this way de- 
monſtrate the extreme minuteneſs of the ſun's parallax, and that it was 
not more than 120, nor leſs*than 9“, upon many repeated trials, it 
having been ſoon after the time laid before the ſociety. But being mind- 
ſul that in October next Mars would be again in oppoſition to the ſun, 
about the tenth degree of Taurus, but would not come very near any 
fixed ſtar that has a place in Mr. Flamſteed's catalogue, I was ſollici- 
tous to ſee if there were any teleſcopic ſtars to which he would very 
nearly approach; and on the 28th of February laſt, the heavens being 
very ſerene and clear in the evening, and Venus having nearly the decli- 
nation in which Mars will move in October next, I fix'd my teleſcope 
on her at 7 28 equal time, and noted the moment ſhe paſs'd over 
the center of my glaſs, or rather the common interſection of the four 
croſs hairs, and in half an hour's time I noted eight very conſpicuous 
ſtars, four of which being within the compaſs of one degree fell very 
nearly in the ſaid way of Mars, and from the intervals of time I then 
obſerved, with their difference of declination from Venus, I determined 
their right aſcenſions and declinations, as well as her place from my 
tables (which by obſervation I found at this time needed no correction) 
would allow me, they all falling between the ninth and tenth degree of 
Taurus, with very little latitude. But what confirm'd me that all was 
right, was, that on Tueſday laſt, March 21, Mercury appearing very 
fair and newly paſt his greateſt elongation, I found by Senex's zodiac 
that he was nearly in the ſame parallel that Venus had before deſcrib'd ; 
and tho* the brightneſs of the crepuſculum effaced the ſmaller ſtars, 
yet in a quarter of an hour I had one paſt 10! more ſoutherly than 
the planet, which in leſs than 3“ of time was ſucceeded by ano- 
ther but one minute more northerly than the former ; when after 
an interval of about 14 minutes of time, in which I was ſurprized to 
find the ſky ſo void of ſtars, the four before mentioned ſtars paſt ſucceſ- 
ſively over my glaſs, with the ſame interval of time in which I had ſeen 
them follow one another on the 28th of February; whereupon I was 
defirous to try whether if the place of Mercury in my tables were aſſu- 
med, the ſame right aſcenſions and declinations of thoſe ſtars would be 
deduced from him as from Venus; and to my great ſatisfaction I found 
on trial by an exact calculus, that I had the ſame right aſcenſions now 
as before, in none of the four differing fully half a minute ; ſo that theſe 
ſtars may ſecurely be added to the catalogue, and the appulſe of Mars 
to them & obſerved in very long teleſcopes in October next, to a fur- 
ther aſcertaining the immenſe diſtance between the ſun and earth. 
Hence it will alfo appear that our mercurial numbers are at leaſt at 
this time and in this part of his orb not leſs exact than thoſe of Venus. 
And whereas this planet ſcarce ever appears with us out of the ſun's 
beams, and always low and. therefore under great refraction, this way 
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of obſerving takes off all the uncertainty that accrues therefrom z and 
when once the zodiac ſhall be compleated with the ſtars that are want- 
ing to fill up the vacant places, it will be eaſy at any time by this me- 
thod to obſerve Mercury or a comet within-the ſun's beams with the 
ſame certainty as if it were remote and out of the neighbourhoad of the 
horizon, where the different vapours that lie near the earth render the 
appearances of the ſtars ſomewhat dubious upon the account of the ir- 
regular refractions. 
IV. 1. HE ſyſtem of the world, as it is now underſtood, is 
taken to occupy the whole abyſs of ſpace, and to be as 
ſuch actually infinite; and the appearance of the ſphere” of fix' d 
ſtars ſtill diſcovering ſmaller and ſmaller ones, as you apply better 
teleſcopes, ſeems to confirm this doctrine. And indeed were the 
whole ſyitem finite, it, though never ſo extended, would ſtill occupy 
no part of the infinitum of ſpace, which neceſſarily and evidently 
exiſts; whence the whole would be ſurrounded on all fides with an 
infinite inane, and the ſuperficial ſtars would gravitate towards thoſe 
near the center, and with an accelerated motion run into them, and 
in proceſs of time coaleſce and unite with them into one. And ſup- 
poſing time enough, this would be a neceſſary conſequence. But if 
the whole be infinite, all the parts of it would be nearly in zquilibrio, 
and conſequently each fixt ſtar being drawn by contrary powers, 
would keep its place; or move till ſuch time as from ſuch an 
æquilibrium it found its reſting place; on which account ſome per- 
haps may think the infinity of the ſphere of fixt ſtars no very preca- 
rious poſtulate. 
But to this I find two objections which are rather of a metaphyſical 
than phyſical nature; and firſt this ſuppoſes as its conſequent that 
the number of fixt ſtars is not only indefinite, but actually more than 
any finite number ; which ſeems abſurd in terminis, all number being 
compoſed of units, and no two points or centers being at a diſtance 
more than finite. But to this it may be anſwer'd by the ſame 
argument we may conclude againſt the poſſibility of | dura- 
tion, becauſe no number of days or years or ages can compleat it. 
Another argument I have heard urged, that if the number of fixt 
ſtars were more than finite, the whole ſuperficies of their apparent 
iphere would be luminous, for that thoſe ſhining bodies would be 
more in number than there are ſeconds of a degree in the area of the 
whole ſpherical ſurface, which I think cannot be denied. But if we 
ſuppoſe all the fixt ſtars to be as far from one another as the neareſt 
of them is from the ſun; that is, if we may ſuppoſe the ſun to be 
one of them, at greater diſtances their diſks light will be dimi- 
niſn'd in the proportion of the ſquares of theſe diſtances; ſo that in 
each ſpherical ſurface the number of ſtars it might contain will be as 
the ſquare of their diſtances. Put then the diſtances immenſely great, 
as we are well aſſured they cannot but be, and from thence by an ob- 
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Of the number and order of the fir d Stars. Part, 


vious calculus it will be found, that as the light of the fix'd ſtars di- 
miniſhes, the intervals between them — in a leſs proportion, 
the one being as the diſtances, and the other as the ſquares thereof, 
reciprocally. Add to this that the more remote ſtars, and thoſe far 
ſhort of the remoteſt, vaniſh even in the niceſt teleſcopes by reaſon 
of their extream minuteneſs; ſo that though it were true that ſome 
ſuch ſtars are in ſuch a place, yet their beams aided by any help yet 
known, are not ſufficient to move our ſenſe ; after the ſame manner 
as a ſmall teleſcopical fixt ſtar is by no means perceivable to the naked 


eye. | 

IV. 2. 1 Have attentively examined what might be the conſequence 
of an hypotheſis that the ſun being one of the fixt ſtars, 

all the reſt were as far diſtant from one another as they are from us; 

and by a due calculation I find that there cannot upon that ſuppo- 

ſition, be more than 13 points in the ſurface of a ſphere as far diſtant 


from the center of it as they are from one another: for the twelve 


angles of the icoſaedron are from one another very little more diſtant 
than from its center; that is, the ſide of the triangular baſe of that 
ſolid is very little more than the ſemidiameter of the circumſcribed 
ſphere, it being to it nearly as 21 to 20 ; ſo that it is plain that ſome- 
what more than twelve equal ſpheres may be poſited about a middle 
one; but the ſpherical angles or inclinations of the planes of theſe 
figures being incommenſurable with the 360 degrees of the circle, there 
will be ſeveral interſtices left between ſome of the twelve, but not 
ſuch as to receive in any part the thirteenth ſphere. 

Hence it is no very improbable conjecture, that the number of the 


fixt ſtars of the firſt magnitude is ſo ſmall, becauſe this ſuperior ap- 


rance of light ariſes from their nearneſs ; thoſe that are leſs ſhew- 
ing. themſelves ſo ſmall by reaſon of their greater diſtance. Now 
there are in all but ſixteen fixt ſtars in the whole number of them, 
that can indiſputably be accounted of the firſt magnitude; whereof 
four are extra-zZodiacum z viz. Capella, Arcturus, . Lucida Lyræ, 
and Lucida Aquilz, to the north ; four in the way of the moon and 
Planets, to wit, Palilicium, Cor Leonis, Spica, and Cor Scorpii 
and five to the ſouthward, that are ſeen in England, viz. the foot 
and right ſhoulder of Orion, Sirius, Procyon, and Fomalhaut : 
and there are three more that never riſe in our horizon, viz. Canopus, 
Acharnir, and the foot of the Centaur. But that they exceed the 
number thirteen, may eaſily be accounted for from the different mag- 
nitudes that may be in the | themſelves ; and perhaps ſome of them 
may be much nearer to one another than they are to us; this exceſs 
of number being found ſingly in the ſigns of Gemini and Cancer. 


And indeed within 45 degrees of longitude, or one 8th of the whole, 


there are no leſs. than five of theſe ſixteen to be ſeen. If therefore the 

number of them be ſuppoſed thirteen, omitting niceties in a matter 

of ſuch irregularity, at twice the diſtance from the ſun there _ = 
plac 
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MED four times as many, or 52; which with the ſame allowance 
would nearly repreſent the number of the ftars we. find to be of the 
2d magnitude: ſo 9 x 13, or 117, for thoſe at three times the di- 
ſtance: and at ten times the diſtance 100 x 13 or 1300 ſtars; which 
diſtance may perhaps diminiſh the light of any of the ſtars of the 
firſt magnitude to that of the ſixth, it being but the hundredth part 
of what at their preſent diſtance they appear with. But if ſince we 
have room enough for it, we ſhould ſuppoſe the ſphere continued to 
10 times the laſt, or 100 times the firſt diſtance, the number of ſtars 
would be 130000, and they would appear but with the 10 oooth 
part of the light of a firſt magnirude ſtar, as we now ſce it. This is 
ſo ſmall a pulſe of light, that it may well be queſtioned whether the 
eye aſſiſted with any artificial help can be made ſenſible thereof. But 
| 100 times the diſtance of a ſtar we ſee is ſtill finite: from whence 
] leave thoſe that pleaſe to conſider it attentively to draw the con- 
dluſion. 

v. IN the memoirs of the Royal Academy of Paris for the year 
1 1717. but now very lately publiſhed, there is one very re- 
* markable eſſay by Mr. Caſſini concerning the annual parallax of the 
# fix'd ſtars, and particularly of Sirius; and in concluſion he deter- 
mines the diameter of Sirius to be as much bigger than that 
of the ſun, as the ſun's is greater than that of the earth, which he 
# ſuppoſes to be 100 times: and the diſtance from the ſun to the earth 
being certainly about 100 diameters of the ſun, it will follow that 
the globe of Sirius muſt be a ſphere whoſe diameter muſt equal the 


# diſtance between the earth and ſun. 


To prove this, he tells us that he made uſe of an excellent teleſ- 
| cope of 34 French feet or 36 Engliſh, leaving an aperture of but an 
inch and half, to take off the ſpurious rays of the ſtar, which then 
appeared round, and ſufficiently well defined ; and comparing his 
body to that of Jupiter, which he ſays was then 50 ſeconds diameter, 
he found that the diameter /of Jupiter was ten times greater than that 
of the ſtar, which by conſequence was ſeen under an angle of about 
5 ſeconds ; which is his firſt poſition. 

Then he tells us that to make the obſervations of the parallax of 
this ſtar with all the exactneſs poſſible, he employed a teleſcope of 
| three foot, in a copper tube, having fixed in the common focus of the 
two glaſſes four threads crofling one another in the center, under 
angles of 45 degrees. This tube he firmly fix d to the plane 
of a mural arch, which had been for above 3o years immoveably 
cemented to the wall of the Royal obſervatory, to which he chofe to 
fix it becauſe of the great ſolidity thereof, and its being therefore 
the leſs liable to ſhake; and that after having ſtood 30 years, 


there was no fear of its ſettling any further in the ſpace of one year; 
beſides that it was eaſy to perceive if any ſuch alteration ſhould hap- 
pen to it, 


Having 
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. Paſt over the center of the tube, he obſerved that on the 20th of ; 


33 ˙ the latitude of the ſtar, whence the aforeſaid immenſe magnitude of Þ 


Of the parallax and magnitude of Sirius. Paxr. 1, 


Having therefore fix'd his three foot tube as above, ſo that about 
the beginning of April 1714, new ſtile, (I ſuppoſe, becauſe then 
Sirius was in ſquare to the ſun) the ſtar being exactly in the meridian 


E 


April the ſtar touched the horizontal thread with its under edge, be. 
inng apparently all above it in the inverting tube, but really below.“ 
On the 15th of May and 6th of June it paſt again by the center. 
On June the 27th it appeared a little under, and on July the gh 
it was found to touch the under part of the thread. On October 
the 5th it again paſt by the center; but on December the 29th it 
touched the upper part of the thread. January the 18th, 1715, 
being the coldeſt day of that winter, it paſt exactly by the center; Þ 
and on the 27th of March and the 1ſt of April, it almoſt touched 
the upper ſide of the horizontal thread, from which it ſeem'd a 
little ſeparated. But on June the 7th it paſt a little under the center; 
and on June the 29th, the ſun being then in conjunction with Sirius, F 
it paſt under the thread ſo as to touch it with its upper edge. Whence ÞÞ 
it appears that in the ſpace of the whole year, there had been no 
other variation of the meridian altitude of Sirius than the breadth 
of the thread, which appear'd equal to the diameter of the ſtar, 
which he takes to be five, or at moſt ſix ſeconds. * N 

Suppoſing this to be ſo, he then ſhews that the whole diameter of the 
annual orb is to the diſtance of Sirius as the ſine of 6!! to the ſine of 399% 


the body thereof is a neceſſary conſequence. | 

But before this obtain a full aſſent it may not perhaps be amiſs to en- 
2 whether the ſuppos'd viſible diameter of Sirius were not an optic Þ 

lacy occaſioned by the great contraction of the aperture of the objed 
glaſs; for we all know that the diameters of Aldebaran and Spica Vir- 
ginis are fo ſmall, that when they happen to immerge on the dark limb 
of the moon, they are ſo far from loſing their light gradually, as they 
muſt do were they of any ſenſible magnitude, that they vaniſh at once 
with their utmoſt luſtre 3 and emerge likewiſe in a moment, not ſimal| 
at firſt, but at once appear with their full light, even tho* the emerſion 
happen very near the cuſp, where if they were four ſeconds in diameter, 
they would be many ſeconds of time in getting entirely ſeparated from 
the limb. But the contrary appears to all thoſe that have obſerved 
the occultations of theſe bright ſtars. And tho? Sirius be bigger than 
either of them, yet he is by tar leſs than two of them, and conſequently 
his diameter to theirs is leſs than the ſquare root of 2 to 1, or than 
14 to 10; whence in Mr. Caſſini's excellent 36 foot glaſs thoſe ſtars 
ought to be about four ſeconds in diameter, and they would undoubt- 
edly appear fo if view'd after the ſame manner; whereas we are aliunde 
certain that they are leſs than one ſingle ſecond in diameter ; the great 
ſtrength of their native light forming the reſemblance of a body, when 
it is nothing elſe but the ſpiſſitude of their rays, 
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As to the other part of the argument, that the alteration of the de- 
clination of Sirius on the ſcore of the acceſs of the earth in December, 
and its receſs in June, amounts to 6 ſeconds, I can only remark, that 
beſides that a radius of 3 foot, as it ſeems that made uſe of was no more, 
is ſomewhat too ſwall for ſo extreamly nice an obſervation, 6!! bei 
ſubtended by the 557 part of an inch, ſome of the obſervations before 
recited do plainly ſhew that the refraction of the medium did intermix 
with thoſe differences that might be occaſioned by the parallax, 

But the principal objection againſt the concluſion of this argument 
ſeems to be, that the meridian altitude of Sirius at Paris being under 
25 degrees, the ordinary refraction of the ſtar is 1' 55” or 115 ſeconds; 
and the barometer riſing and falling above two inches in thirty ſhews 
that the denſity of the air on that ſcore may be a 15th part more at 
one time than another; whence the reſractions being always proportio- 
nal to the denſity of the medium, as we have all ſeen it often demon- 
ſtrated by Mr. Hawkſbee both in vacuo and in a doubly and trebly 
condenſed air, it is plain that in that altitude the refraction of a ſtar may 
differ about 7 or 8 ſeconds, or the 15th part of 115”, which 1s more 
than the whole parallax ſuppoſed to have been obſerved. 

It were to be wiſh'd that Mr. Caſſini would pleaſe to try this matter 
by the Lucida Lyræ inſtead of Sirius, which tho' ſomewhat leſs than 
him, is as near to the ſolſtitial colure and has much greater latitude, 
being but 28 grad. from the pole of the ecliptic, whence its parallax 
would be ſo much greater; and being at Paris within 10 grad. of the 
zenith, the grand objection of the difference of refraction would be al- 
moſt wholly removed. 

VI. XJ © U having been pleaſed to expreſs your ſatisfaction with 

Y what I had an opportunity ſome time ago of telling you in 
converſation concerning ſome obſervations that were making by our late 
worthy and ingenious friend the honourable Samuel Molyneux Eſq; 
and which have ſince been continued and repeated by myſelf, in order to 
determine the parallax of the fixed ſtars, I ſhall now beg leave to lay 
before you a more particular account of them. 

Before I proceed to give you the hiſtory of the obſervations them- 
ſelves, it may be proper to let you know that they were at firſt begun 
in hopes of verifying and confirming thoſe that Dr. Hook formerly 
communicated to the public, which ſeemed to be attended with circum- 
ſtances that promiſed greater exactneſs in them than could be expected 
in any other that had been made and publiſhed on the ſame account. 
And as his attempt was what principally gave riſe to this, ſo his me- 
thod in making the obſervations was in ſome meaſure that which Mr. 
Molyneux followed; for he made choice of the fame ſtar, and his in- 
ſtrument was conſtructed upon almoſt the fame principles. But if it had 
not much exceeded the Doctor's in exactneſs, we might yet have re- 
mained in great uncertainty as to the parallax of the fixed ſtars, which 
you will perceive upon the compariſon of the two experiments. mo 
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This indeed was chiefly owing to our curious member Mr. George 
Graham, to whom the lovers of aſtronomy are not a little indebted 
for ſeveral other exact and well contrived inſtruments. The neceſſity 
of ſuch will ſcarce be diſputed by thoſe that have had any experience 
in making aſtronomical ohſervations ; and the inconſiſtency which is to 
be met with among different authors in their attempts to determine ſmall 
angles, particularly the annual parallax of the fixed ſtars, may be a ſuf. 
ficient proof of it to others. Their diſagreement indeed in this article i; 
not now ſo much to be wonder'd at, ſince I doubt not but it will appear 


very probable that the inſtruments commonly made uſe of by them were 


liable to greater errors than many times that parallax will amount to. 

The ſucceſs then of this experiment evidently depending very much 
on the accuracy of the inſtrument, that was principally to be taken 
care of; in what manner this was done is not my preſent purpoſe to tel! 
you; but if from the reſult of the obſervations which I now ſend you, it 
ſhall be judged neceſſary to communicate to the curious the manner of 
making them, I may hereafter perhaps give them a particular deſcri- 
ption, not only of Mr. Molyneux's inſtrument, but alſo of = own, 
which hath ſince been erected ſor the ſame purpoſe and upon the like 
principles, tho? it is ſomewhat different in its conſtruction, for a reaſon 
you will meet with preſently. 

Mr. Molyneux's apparatus was compleated and fitted for obſerving 


about the end of November 1725, and on the third day of December 


following the bright ſtar in the head of Draco (marked y by Bayer) was 
for the firſt time obſerved as it paſſed near the zenith, and its ſituation 
carefully taken with the inſtrument. The like obſervations were made 
on the ;th, 11th and 12th days of the ſame month; and there appearing 
no material difference in the place of the ſtar, a farther repetition of 
them at this ſeaſon ſeemed needleſs, it being a part of the year wherein 
no ſenſible alteration of parallax in this ſtar could ſoon be expected. It 
was Chiefly therefore curioſity that tempted me (being then at Kew 
where the inſtrument was fixed) to prepare for obſerving the ſtar on 
December 17, when having adjuſted the inſtrument as uſual], I percei- 
ved that it paſſed a little more ſoutherly this day than when it was ob- 
ſerved before. Not ſuſpecting any other caufe of this appearance, we 
firſt concluded that it was owing to the uncertainry of the obſervations, 
and that either this or the foregoing were not ſo exact as we had before 
ſuppos'd ; for which reaſon we purpos'd to repeat the obſervation again, 
in order to determine from whence this difference proceeded z and upon 
doing it on December 20, I found that the ſtar paſſed ſtill more ſouth- 
erly than in the former obſervations. This ſenſible alteration the more 


. Curprized us, in that it was the contrary way from what it would have 


been had it proceeded from an annual parallax of the ſtar : but being 
now pretty well ſatisfied that it could not be entirely owing to the 
want of exactneſs in the obſervations, and having no notion of any 
thing elſe that could cauſe ſuch an apparent motion as this in the 

ſtar, 
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ſtar, we began to think that ſome change in the materials, &c. of the 


inſtrument it ſelf might have occaſion'd it. Under theſe apprehenſions 


we remained ſome time, but being at length fully convinced by ſeveral 
trials of the great exactneſs of the inſtrument, and finding by the gra- 
dual increaſe of the ſtar's diſtance from the pole, that there muſt be ſome 
regular cauſe that produced it, we took care to examine nicely at the 
time of each obſervation how much it was; and about the beginning 
of March 1726 the ſtar was found to be 20” more ſoutherly than at the 


time of the firſt obſervation. It now indeed ſeemed to have arrived 


at its utmoſt limit ſouthward, becauſe in ſeveral trials made about 
this time no ſenſible difference was obſerved in its ſituation. By the 
middle of April it appeared to be returning back again towards the 
north; and about the beginning of June it paſſed at the ſame diſtance 
from the zenith as it had done in December when it was firſt obſerv'd. 

From the quick alteration of this ſtar's declination about this time 
(it increaſing a ſecond in three days) it was concluded that it would now 
proceed northward, as it before had gone ſouthward of its preſent ſi- 
tuation; and it happened as was conjectur'd, for the ſtar continu'd to 
move northward till September following, when it again became ſtatio- 
nary, being then near 20” more northerly than in June, and no leſs than 
39” more northerly than it was in March. From September the ſtar 
return'd towards the ſouth, till it arriv'd in December to the ſame ſitu- 
ation it was in at that time twelve months, allowing for the difference 
of declination on account of the preceſſion of the equinox. 

This was a ſufficient proof that the inſtrument had not been the 
cauſe of this apparent motion of the ſtar, and to find one adequate ro 
ſach an effect ſeem'd a difficulty. A nutation of the earth's axis was one 
of the firſt things that offer'd itſelf upon this occaſion, but it was ſoon 
found to be inſufficient ; for though it might have accounted for the 
change of declination in 1 Draconis, yet it would not at the ſame time 
agree with the phenomena in other ſtars, particularly in a ſmall one 
almoſt oppoſite in right aſcenſion to y Draconis, at about the ſame di- 
ſtance from the north pole of the equator ; for tho? this ſtar ſeem'd to 
move the ſame way as a nutation of the earth's axis would have made it, 
yet it changing its declination but about half as much as y Draconis in 
the ſame time (as appeared upon comparing the obſervations of both 
made upon the ſame days at different ſeaſons of the year) this plainly 
proved that the apparent motion of the ſtars was not occaſioned by a 
real nutation, ſince if that had been the cauſe, the alteration in both 
ſtars would have been near equal. 

The great regularity of the obſervations left no room to doubt but 
that there was ſome regular cauſe that produced this unexpected mo- 
tion, which did not depend on the uncertainty or variety of the ſeaſons 
of the year. Upon comparing the obſervations with each other, it was 
diſcover'd that in both the fore-mention'd ſtars the apparent difference 


of declination from the maxima was always nearly proportional to the 
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verſed ſine of the ſun's diſtance from the equinoctial points. This was 
an inducement to think that the cauſe whatever it was, had ſome rela. 
tion to the ſun's ſituation with reſpect to thoſe points. But not being 
able to frame any hypotheſis at that time ſufficient to ſolve all the phæ- 


nomena, and being very deſirous to ſearch a little farther into this mat- 


ter, I began to think of erecting an inſtrument for myſelf at Wanſted, 
that having it always at hand I might with the more eaſe and certainty 
enquire into the laws of this new motion. The conſideration likewiſe 
of being able by another inſtrument to confirm the truth of the obſer- 
vations hitherto made with Mr. Molyneux's was no ſmall inducement 
to me; but the chief of all was the opportunity I ſhould thereby have 
of trying in what manner other ſtars were affected by the ſame cauſe, 
whatever it was. For Mr. Molyneux's inſtrument being originally de- 
ſigned for obſerving » Draconis (in order, as I ſaid before, to try whe- 
ther it had any ſenſible parallax) was ſo contrived as to be capable of 
but little alteration in its direction, not above ſeven or eight minutes of 
a degree; and there being few ſtars within half that diſtance from the 
zenith of Kew bright enough to be well obſerved, he could not with his 
inſtrument throughly examine how this cauſe affected ſtars differently 
— with reſpect to the equinoctial and ſolſtitial points of the 
ecliptic. 

Theſ: conſiderations determined me; and by the contrivance and 
direction of the ſame ingenious perſon Mr. Graham, my inſtrument was 
fixed up Auguſt 19, 1727. As J had no convenient place where I could 
make uſe of ſo long a teleſcope as Mr. Molyneux's, I contented myſelf 
with one of but little more than half the length of his (viz. of about 
12 f feet, his being 243) judging from the experience which I had al- 
ready had, that this radius would be long enough to adjuſt the inſtru- 
ment to a ſufficient degree of exactneſs, and 1 have had no reaſon ſince 
to change my opinion; for from all the trials I have yet made, I am 
very well ſatisfied that when it is carefully rectified, its ſituation may 
be ſecurely depended upon to half a ſecond. As the\place where my 
inſtrument. was to be hung in ſome meaſure determingd its radius, fo 
did it alſo the length of the arch or limb on which the diviſions were 
made. to adjuſt it; for the arch could not conveniently be extended 
farther than to reach to about 6* on each ſide my zenith. This indeed 
was ſufficient, ſince it gave me an opportunity of making choice of ſe- 
veral ſtars very different both in magnitude and ſituation, there being 


more than two hundred inſerted in the Britiſh catalogue that may be 


obſerved with it. I needed not to have extended the limb ſo far, but 
that I was willing to take in Capella, the only ſtar of the firſt mag- 
nitude that comes ſo near my zenith. 

My inſtrument being fixed, JI immediately began to obſerve ſuch 
ſtars as I judged moſt proper to give me light into the cauſe of the 
motion already mentioned. There was variety enough of ſmall ones, 
and not leſs than twelve that I could obſerve thro? all the ſeaſons of the 
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year, they being bright enough to be ſeen in the day-time when neareſt 
the ſun. I had not been long obſerving before I perceived that the no- 
tion we had before entertained of the ſtars being fartheſt north and 
ſouth when the ſun was about the equinoxes, was only true of thoſe that 
were near the ſolſtitial colure ; and after I had continued my obſerva- 
tions a few months, I diſcovered what I then apprehended to be a ge- 
neral law, obſerved by all the ſtars, viz. that each of them became ſa 
tionary or was fartheſt north or ſouth when they paſſed over my zenith 
at ſix of the clock either in the morning or evening. I perceived like- 
wiſe that whatever ſituation the ſtars were in with reſpect to the cardi- 
nal points of the ecliptic, the apparent motion of every one tended the 
{ame way when they paſſed my inſtrument about the ſame hour of the 
day or night; for they all moved ſouthward while they paſſed in the 
day, and northward in the night; ſo that each was fartheſt north when 
it came about ſix of the clock in the evening, and fartheſt ſouth when 
it came about ſix in the morning, 

Tho? I have ſince diſcovered that the maxima in moſt of theſe ſtars 
do not happen exactly when they come to my inſtrument at thoſe hours, 
yet not being able at that time to prove the contrary, and ſuppoſing that 
they did, I endeavoured to find out what proportion the greateſt altera- 
tions of declination in different ſtars bore to each other; it being very 
evident that they did not all change their declination equally. I have 
before taken notice that it appeared from Mr, Molyneux's obſervations 
that » Draconis altered its declination about twice as much as the fore- 
mentioned ſmall ſtar almoſt oppoſite to it; but examining the matter 
more particularly I found that the greateſt alteration of declination in 
theſe ſtars was as the fine of the latitude of each reſpectively. This 
made me ſuſpe& that there might be the like proportion between the 
maxima of other ſtars; but finding that the obſervations of ſome of 
them would not perfectly correſpond with ſuch an hypotheſis, and not 
knowing whether the ſmall difference I met with might not be owing to 
the uncertainty and error of the obſervations, I deferred the farther exa- 
mination into the truth of this hypotheſis till I ſhould be furniſhed with 
a ſeries of obſervations made in all parts of the year; which might en- 
able me not only to determine what errors the obſervations are liable to 
or how far they may ſafely be depended upon; but alſo to judge whe- 
e had been any ſenſible change in the parts of the inſtrument 
itſelf. | | 

Upon theſe conſiderations I laid aſide all thoughts at that time about 
the cauſe of the fore-mentioned phznomena, hoping that I ſhould the 
eaſier diſcover it when I was better provided with proper means to de- 
termine more preciſely what they were. 

When the year was compleated I began to examine and compare my 
obſervations, and having pretty well ſatisfied myſelf as to the general 
laws of the phænomena, then endeavoured to find out the cauſe of 
them. I was already convinced * the apparent motion of the ſtars 
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was not owing to a nutation of the earth's axis. The next thing that 
offered itſeif, was an alteration in the direction of the plumb-line with 
which the inicrument was conſtantly rectified ; but this upon trial pro- 


ved inſufficient. Then I conſidered what refraction might do, but here 


alſo nothing ſatisfactory occurred. At laſt I conjectur'd that all the 
phænomena hitherto mentioned proceeded from the progreſſive motion 
of light and the earth's annual motion in its orbit. For I perceived that 
if light was propagated in time, the apparent place of a fix'd object 
would not be the ſame when the eye is at reſt, as when it is moving in 
any other direction than that of the line paſſing thro? the eye and object; 


and that when the eye is moving in ditferent directions, the apparent 


place of the object would be different. 

I conſidered this matter in the following manner. I imagined CA 
to be a ray of light falling perpendicularly upon the line BD; then 
if the eye is at reſt at A, the object mult appear in the direction AC, 
whether light be propagated in time or in an inſtant. Bur if the eye 
is moving from B towards A, and light is propagated in time with a 
velocity that is to the velocity of the eye, as CA to BA; then light 


moving from C to A whilſt the eye moves from B to A that particle 


of it, by which the object will be diſcerned when the eye in its mo- 
tion comes to A, is at C when the eye is at B. Joining the points 
B, C, I ſuppoſed the line CB, to be a tube ( inclined to the line BD 
in the angle DBC) of ſuch a diameter as to admit of but one par- 
ticle of light; then it was eaſy to conceive that the particle of light 
at C (by which the object muſt be ſeen when the eye as it moves 
along, arrives at A) would pafs through the tube BC, if it is in- 
clined to B D in the angle DBC, and accompanies the eye in its 
motion from B to A; and that it could not come to the eye placed 
behind ſuch a tube, if it had any other inclination to the line BD. 
If inſtead of ſuppoſing C B ſo ſmall. a tube we imagine it to be the 
axis of a larger; then for the ſame reaſon the particle of light at C 
could not paſs through that axis, unleſs it is inclined to BD in the 
angle CBD. Inlike manner if the eye moved the contrary way from 
D towards A with the ſame velocity, then the tube muſt be inclined 
in the angle BDC. Although therefore the true or real place of an 
object is perpendicular to the line in which the eye is moving, yet 
the viſible place will not be ſo, ſince that, no doubt, muſt be in the 
direction of the tube; but the difference between the true and appa- 
rent place will be (cæteris paribus) greater or leſs according to the 
different proportion between the velocity of light and that of the 
eye. So that if we could ſuppoſe that light was propagated in an in- 
ſtant, then there would be no difference between the real and viſible 
place of an object, although the eye were in motion; for in that caſe 
AC being infinite with reſpect to A B, the angle A CB (the dif- 
ference between the true and viſible place) vaniſhes. But if light be 


propagated in time (which I preſume will readily be allowed by _ 
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of the philoſophers of this age) then it is evident from the foregoing 
conſiderations that there will be always a difference between the real 
and viſible place of an object, unleſs the eye is moving either directly 
towards or from the object. And in all caſes the ſine of the diffe- 
rence between the real and viſible place of the object, will be to the 
ſine of the viſible inclination of the object to the line in which the 
os is nioving, as the velocity of the eye to the velocity of 
li: hr. | 

If light moved but 1000 times faſter than the eye, and an object 
( ſuppoſed to be at an infinite diſtance) was really placed perpendi- 
cularly over the plane in which the eye is moving, it follows from 
what hath been already ſaid, that the apparent place of ſuch an ob- 
ject will be always inclined to that plane, in an angle of 89® 56'r 
ſo that it will conſtantly appear 30 from its true place, and ſeem ſo 
much leſs inclined to the plane that way towards which the eye tends. 
That s if AC is to AB (or AD) as 1000 to one, the angle 
ABC will be 89? 56's, andA CB=2'z, and BC DS 2ACB 2 7. 
So that according to this ſuppoſition the viſible or apparent place of 
the object will be altered 7', if the direction of the eye's motion is at 
one time contrary to what it 1s at another, 

If the Earth revolve round the Sun annually, and the velocity of 
light were to the velocity of the Earth's motion in its orbit (which 
I will at preſent ſuppoſe to be a circle) as 1000 to one; then *tis eaſy 
to conceive that a ſtar really placed in the very pole of the ecliptic, 
would to an eye carried along with the Earth, ſeem to change its 
place continually, and (neglecting the ſmall difference on the ac- 
count of the Earth's diurnal revolution on its axis) would ſeem to 


deſcribe a circle round that pole every way diſtant therefrom 3's. So 


that its longitude would be varied through all the points of -the 
ecliptic every year; but its latitude would always remain the ſame. 
Its right aſcenſion would alſo change, and its declination according 
to the different ſituation of the ſun in reſpect to the equinoctial 
points; and its apparent diſtance from the north pole of the 
equator would be 7' leſs at the autumnal than at the vernal 
equinox. 

The greateſt alteration of the place of a ſtar in the pole of the eclip- 
tic (or which in effect amounts to the ſame, the proportion between 
the velocity of light and the earth's motion in its orbit) being 
known; it will not be difficult to find what would be the difference 
upon this account between the true and apparent place of any other 
ſtar at any time; and on the contrary, the difference between He 
true and apparent place being given; the proportion between the 
velocity of light and the earth's motion in its orbit may be 


found. 10 (al; F 
As I only obſerved the apparent difference of declination of the 
ſtars, I ſhall not now take any farther notice in what manner ſuch 8 
cau 
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cauſe as I have here ſuppoſed would occaſion an alteration in their 
apparent places in other reſpects ; but ſuppoſing the earth to move 
equally in a circle, it may be gathered from what hath been already 
ſaid, that a ſtar which is neither in the pole nor plane of the ecliptic, 
will ſeem to deſcribe about its true place a figure inſenſibly different 
from an ellipſe, whoſe tranſverſe axis is at right angles to the circle 
of longitude paſſing through the ſtars true place, and equal to the 
diameter of the little circle deſcribed by a ſtar (as was before ſup- 
poſed) in the pole of the ecliptic; and whoſe conjugate axis is to 
its tranſverſe axis, as the ſine of the ſtars latitude to the radius. And 
allowing that a ſtar by its apparent motion does exactly deſcribe ſuch 
an ellipſe, it will be found that if A be the angle of poſition (or the 
angle at the ſtar made by two great circles drawn from it through the 
poles of the ecliptic and equator ) and B be another angle whoſe 
tangent is to the tangent of A, as radius to the ſine of the latitude 
of the ſtar; then B will be equal to the difference of longitude be. 
tween the ſun and the ſtar, when the true and apparent declination of 
the ſtar are the ſame. And if the ſun's longitude in the ecliptic be 


reckoned from that point wherein it is when this happens; then the 


difference between the true and apparent declination of the ſtar { on 
account of the cauſe I am now conſidering ) will be always, as the 
ſine of the ſun's longitude from thence. It will likewiſe be found, 
that the greateſt difference of declination that can be between the true 


and apparent place of the ſtar, will be to the ſemi-tranſverſe axis of 


the ellipſe ( or to the ſemi-diameter of the little circle deſcribed by a 
Rar in the pole of the ecliptic) as the ſine of A to the ſine of B. 

If the ſtar hath north latitude, the time when its true and apparent 
declmation are the ſame, is before the ſun comes in conjunction with 
or oppoſition to it, if its longitude be in the firſt or laſt quadrant 
(viz. in the aſcending ſemi-circle) of the ecliptic ; and after them 
if in the deſcending ſemi-circle; and it will appear neareſt to the 
north pole of the equator, at the time of that maximum (or when 
the greateſt difference between the true and apparent declination hap- 
pens ) which precedes the ſun's conjunction with the ſtar. 

Theſe particulars being ſufficient for my preſent purpoſe, I ſhall 
not detain you with the recital of any more, or with any farther ex- 

lication of theſe. It may be time enough to enlarge more upon this 
head when I give a deſcription of' the inſtruments &c. if that be 
judged neceſſary to be done; and when I ſhall find what I now ad- 
vance to be allowed of (as I flatter my ſelf it will) as ſomething more 
than a bare hypotheſis, I have purpoſely omitted ſome matters of no 
great moment, and conſidered the earth as moving in a circle, and 


not an 'ar 2h to avoid too perplexed a calculus, which after all th: 


trouble of it would not ſenſibly differ from that which I make uſe ot, 
eſpecially in thoſe conſequences which I ſhall at preſent draw from tic 


| foregoing hypotheſis. 


3 This 


velocity of light therefore deduced from the foregoing hy potheſis, 
13 
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This being premiſed, I ſhall now proceed to determine from the 
obſervations what the real proportion is between the velocity of light 
and the velocity of the earth's annual motion in its orbit; upon ſup- 
poſition that the phænomena before-mentioned do depend upon the 
cauſes I have here aſſigned. But I muſt firſt let you know that in all 
the obſervations hereafter mentioned, I have made an allowance for 
the change of the ſtar's declination on account of the preceſſion of the 
equinox, upon ſuppoſition that the alteration from this cauſe is pro- 
portional to the time, and regular through all the parts of the year. 
have deduced the real annual alteration of declination of each ſtar 
from the obſervations themſelves; and I the rather chuſe to depend 
upon them in this article, becauſe all which I have yet made concur 
to prove that the ſtars near the equinoctial colure change their de- 
clination at this time 1”+ or 2” in a year more than they would do 
if the preceſſion was only 50”, as is now generally ſuppoſed. I have 
likewiſe met with ſome ſmall varieties in the declination of other ſtars 
in different years, which do not ſeem to proceed from the ſame cauſe, 
particularly in thoſe that are near the ſolſtitial colure, which on the 
contrary have altered their declination leſs than they ought if the 
preceſſion was 5o”. But whether theſe ſmall alterations proceed from 
a regular cauſe, or are occaſioned by any change in the materials &c. 
of my inſtrument, I am not yet able fully to determine. However 
I thought it might not be amiſs juſt to mention to you how I have 
endeavoured to allow for them, though the reſult would have been 
nearly the ſame, if I had not conſidered them at all. What that is 
| will ſhew firſt from the obſervations of » Draconis, which was 
found to be 39” more ſoutherly in the beginning of March than in 
September. 

From what hath been premiſed, it will appear that the greateſt 
alteration of the apparent declination of y Draconis, on account of 
the ſucceſſive propagation of light, would be to the diameter of the 
little circle which a ſtar (as was before remarked) would ſeem to 
deſcribe about the pole of the ecliptic, as 39” to 40”, 4. The half of 
this is the angle A CB. This 9 — being 20“, 2, AC will be to AB, 
that is the velocity of light to the velocity of the eye (which in this 
caſe may be ſuppoſed the ſame as the velocity of the earth's annual 
motion in its oi bit) as 102 10 to one, from whence it would follow 
that light moves, or is propagated as far as from the ſun to the earth 
m8" 12", 

It is well known that Mr. Romer, who firſt attempted to account 
for an apparent inequality in the times of the eclipſes of Jupiter's 
latellites, by the hypotheſis of the progreſſive motion of light, ſup- 
poſed that it ſpent about 11 minutes of time in its paſſage from the 
lun to us: but it hath ſince been concluded by others from the like 
cclipſes, that it is propagated as far in about ſeven minutes. The 
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is as it were a mean betwixt what had at different times been determined 
from the eclipſes of Jupiter's ſatellites. 

Theſe different methods of finding the velocity of light thus agreeing 
in the reſult, we may reaſonably conclude not only that theſe phænomena 
are owing to the cauſes to which they have been aſcribed, but alſo that 
light is propagated (in the ſame medium) with the ſame velocity after 
it hath been reflected as before; for this will be the conſequence if we 
allow that the light of the ſun is propagated with the ſame velocity be- 
fore it is reflected as the light of the fixed ſtars. And I imagine this 
will ſcarce be queſtioned, if it can be made appear that the velocity of 
the light of all the fixed ſtars is equal, and that their light moves or is 
propagated thro? equal ſpaces in equal times at all diſtances from them ; 
both which points (as I apprehend) are ſufficiently proved from the ap- 

arent alteration of the declination of ſtars of different luſtre ; for that 
is not ſenſibly different in ſuch ſtars as ſeem near together tho they ap- 
Ru of very different magnitudes. And whatever their ſituations are (if 

proceed according to the foregoing hypotheſis) find the ſame velocity 
of light from my obſervations of ſmall ſtars of the fifth or ſixth as from 
thoſe of the ſecond and third magnitude, which in all probability are 
placed at very different diſtances Fon us. The ſmall ſtar for example 
before ſpoken of, that is almoſt oppoſite to y Draconis (being the 35th 
Camelopard. Hevelii in Mr. Flamſteed's catalogue) was 19” more 
northerly about the beginning of March than in September. Whence l 
conclude according to my hypotheſis that the diameter of the little circle 
deſcribed by a ſtar in the pole of the ecliptic would be 40, 2 

The laſt ſtar of the great Bear's-tail of the ſecond magnitude 
( marked » by Bayer) was zo more ſoutherly about the middle of 
January than in July. Hence the maximum or greateſt alteration 
of declination of a ſtar in the pole of the ecliptick would be 40“, 4, 
exactly the fame as was before found from the obſervations of » 
draconis. 

The ſtar of the 5th magnitude in the head of Perſeus marked 7 
by Bayer, was 25” more northerly about the end of December than 
on the 29th of July following. Hence the maximum would be 41”. 
This ſtar is not bright enough to be ſeen as it paſſes over my zenith 
about the end of June, when it ſhould be ding to the hypotheſis 
fartheſt ſouth. Bur becauſe I can more certainly depend upon the 
greateſt alteration of declination of thoſe ſtars which I have frequent- 
ly obſerved about the times when they become ſtationary, with re- 
ſpect to the motion I am now conſidering ; I will ſet down a few more 
inſtances of ſuch, from which you may be able to judge how near it 
may be poſſible from theſe obſervations, to determine with what ve- 
locity light is propagated. 

« Perſei Bayero was 23” more northerly at the beginning of 
January than in July. Hence' the maximum would be 40”, 2. 
« Caſſiopez was 34” more northerly about the beginning of —_— 

an 
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than in June. Hence the maximum would be 40”, 8. & Draconis 
was 39” more northerly in the beginning of September than in March; 
hence the maximum would be 40”, 2. Capella was about 16” more 
ſoutherly in Auguſt than in February; hence the maximum would be 
about 40”, But this ſtar being farther from my zenith than thoſe I 
have before made uſe of, I cannot ſo well depend upon my obſerva- 
tions of it as of the others ; becauſe I meet with ſome ſmall alterations 
of its declination that do not ſeem to proceed from the cauſe I am now 
conſidering. PIT1 3 | 
I have compared the obſervations of ſeveral other ſtars, and they 
all conſpire to prove that the maximum is about 40” or 41”, I will 
therefore ſuppoſe that it is 40” 1 or (Which amounts to the ſame ) — 
light moves or is propagated as far as from the ſun to us in 8“ 13”. 
The near agreement which I met with among my obſervations induces 
me to think, that the maximum (as I have here fixed it) cannot dif- 
ter ſo much as a ſetond from the truth, and therefore it is probable 
that the time which light ſpends in paſſing from the ſun to us, may be 
determined by theſe obſervations within 5” or 10“; which is ſuch a 
degree of exactneſs as we can never hope to attam from the eclipſes of 
Jupiter's ſatellites. oe 20. HE frag ey __ 
Having thus found the maximum, or what the greateſt alteration 
of declination would be in a ſtar placed in the pole of the ecliptic, I 
will now deduce from it ( according to the foregoing hypotheſis) the 
alteration of declination in one or two ftars, at ſuch times as th 
were actually obſerved, in order to ſee how the hypotheſis will cor- 
reſpond with the phænomena — all the parts of the year. 
It would be too tedious to ſet down the whole ſeries of my ob- 
ſervations; I will therefore make choice only of | ſuch as are moſt 
—— for my preſent purpoſe, and will begin with thoſe of > 
raconis. 115 ; "WF. 
This ſtar appeared fartheſt north about September 7th, 1727, as 
it ought -to have done according to my hypotheſis. The following 
table ſhews how much mare foutherly the ſtar was found to be by ob- 
ſervation in ſeveral parts of the yeat, and likewiſe: how mach more 
ſoutherly it ought to be according to the hy potheſis. | * 
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Hence it appears that the hypotheſis correſponds with the obſer- 
vations of this ſtar through all parts of the year; for the ſmall diffe- 
rences between them ſeem to ariſe from the uncertainty of the obſer- 
vations, which is occaſioned (as I imagine) chiefly by the tremulous 
or undulating motion of the air, and of the vapours in it; which 
cauſes the ſtars ſometimes to dance to and fro, ſo much that it is dif- 
ficult to judge when they are exactly on the middle of the wire that is 
fixed in the common focus of the glaſſes of the teleſcope. 

I muſt confeſs to you, that the agreement of the obſervations with 
each other as well as with the hypotheſis is much greater than I ex- 
ed to find, before I had compared them; and it may poſſibly be 
ought to be too great, by thoſe who have been uſed to aſtronomical 
obſervations, and know how difficult it is to make ſuch as are in all 
reſpects exact. But if it would be any ſatisfaction to ſuch perſons 
(ill I have an opportunity of deſcribing my inſtrument and the man- 
ner of ir could aſſure them that in above 70 obſervations 
which I made of this ſtar in a year, there is but one (and that is no- 
ted as very dubious on account of clouds) which differs from the fore- 
going hypotheſis more than 25, and this does not differ 30. 

This therefore being the fact, I cannot but think it very probable 
that the phænomena proceed from the cauſe I have ins ſince the 
foregoing obſervations make it ſufficiently evident that the effect of 
the real cauſe, whatever it is, varies in this ſtar in the ſame propor- 
tion that it ought according to the hypotheſis. 

Bur leſt » Draconis may be thought not ſo r to ſhew the 
Proportion, in which the apparent alteration of declination is in- 
creaſed or diminiſhed, as thoſe ſtars which lie near the equinoctial 
colure : I will give you alſo the compariſon between the * 
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and the obſervations o # Urſz Majoris, which was fartheſt ſouth 
about the 17th day of January 1728, agreeable to the hypotheſis. 
The following table ſhews how much more northerly it was found by 
obſervation in ſeveral parts of the year, and alſo what the difference 
ſhould have been according to the hypotheſis. 
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I find upon examination that the hypotheſis agrees altogether as ex- 
actly with the obſervations of this ſtar as the former; for in about 50 
that were made of it in a year, I do not meet with a difference of fo 
much as 2”, except in one which is mark*d as doubtful on account of 
the undulation of the air, &c. And this does not differ 3” from the 
hypotheſis. 

The agreement between the hypotheſis and the obſervations of this 
ſtar is the more to be regarded, ſince it proves that the alteration of 
declination on account of the 7 of the equinox is ( as I 
before ſuppoſed) regular through all parts of the year; fo far at 
leaſt as not to occaſion a difference great enough to be diſcovered with 
this inſtrument. It likewiſe proves the other part of my former ſup- 
poſition, viz. that the annual alteration of declination in ſtars near 
the equinoctial colure, is at this time greater than a preceſſion of 50”. 
would occaſion: for this ſtar was 209" more ſoutherly in ber 
1728, than in September 1727, that is about '2" more than it would 
have been, if the preceſſion was but 304. But I may hereafter perhaps 
the better able to determine this point from my ob ſevations of thoſe 
ſtars that lie near the equinoctial colure, at about the ſame diſtance from 
the north pole of the equator, and nearly oppoſite in right aſcenſion. 

I think it needleſs to give you the compariſon between the hypo- 
theſis and the obſervations of any more ſtars; fince the agreement in 
the foregoing is a kind of demonſtration ( whether it be allowed that 
| have diſcovered the real cauſe of the phænomena or not;) that the 
hypotheſis gives at leaſt the true * of che variation of W in 
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different ſtars, with reſpect to their different ſituations and aſpects with 


the ſun. And if this is the caſe it muſt be granted that the parallax 
of the fixt ſtars is much ſmaller than hath been hitherto ſuppoſed by 
thoſe who have pretended to deduce.it from their obſervations. I be. 
lieve that I may venture to ſay that in either of the two ſtars laſt men. 
tioned; it does not amount to 2“. Tam of opinion that if it were 1”, 
I ſhould have perceived it in the great number of obſervations that! 
made eſpecially of y Draconis; which agreeing with the hypotheſis 
( without allowing any thing for parallax ) nearly as well when the 
ſun was in conjunction with, as in oppoſition to this ſtar, it ſeems very 
probable that the parallax of it is not ſo great as one ſingle ſecond; 
and conſequently that it is above 400000 times: farther from us than 
the ſun. - ed 2 

There appearing therefore after all no ſenſible parallax in the fixt 
ſtars, the 99 — have ſtill room on that account to ob- 
ject againſt the motion of the earth; and they may have (if they 
pleaſe) a much greater objection againſt the hypotheſis by which 1 
have endeavoured to ſolve the fore-mentianed phænomena; by deny- 
ing the progreſive motion of light, as well as that of the earth. 

But as I do not apprehend, that either of theſe poſtulates will be 
denied me by the generality of the aſtronomers and philoſophers of 
the preſent age; ſo I ſhall not doubt of obtaining their aſſent to the 
conſequences which I have deduced from them, if they are ſuch as 
one ſo great a judge of them as your ſelt. 
Peaſiſcritt. As to the obfervations of Dr. Hook, I muſt own' that 
before Mr. Molyneux's inſtrument was erected, I had no ſmall opinion 
of their correctneſs; the length of his teleſcope, and the care he pre- 
tends to have taken in making them exact, having been ſtrong induce- 
ments with me to think them ſo, And ſince I have been convinced 
both from Mr. Molyneux's obſervations and my own that the Doctor's 


are really very far from being either exact or agreeable to the phæ- 


nomena, I am greatly at a loſs how to account for it. I cannot well 
conceiye that an inſtrument of the length of 36 feet conſtructed in the 
manner he deſcribes his, could have been liable to an error of near 30” 
( which was doubtleſs the caſe) it rectified with fo much care as he 
repreſents. : 

The obſervations of Mr. Flamfſteed of the different diſtances of the 
pole ſtar. from the pole at different times of the year, which were 
through miſtake looked upon by ſome as a proof of the annual parallax 
of it, ſeem to have been made with much greater care than thoſe of 
Pr. Hook. For though they do not all exactly correfpond with each 
other, yet from the whole Mr. Flamſteed concluded that the ſtar was 
35% 40 or 45" nearer the pole in December than in May or July: and 
according to my hypotheſis it ought to appear 40” nearer in December 
than in June. The agreement therefore of the obſervations with the 
hypotheſis is greater than could reaſonably be expected, ES 
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the radius of the inſtrument and the manner in which it was con- 


ſtructed. | 
VII. F all the celeſtial obſervations that have hitherto been made, 
none are ſo capable of perfect exactneſs as the near appulſes 
of the moon and planets to the fixed ſtars, ſuch as lately we had of Ju- 
piter to two ſmall ſtars in Gemini, and of Mars to the forchead of the 
Scorpion; for tho? the places of the ſtars have not as yet atrained an ul- 
timate preciſion, yer theſe ſorts of obſervations are ever good, and the 
places of the planets are thereby aſcertain'd in proportion to the cor- 


rectneſs of the catalogues that may hereafter be made: but the ordi- 
nary number of the ſtars with which the planets may be thus compared ' 


being ſmall, the opportunities of obſerving are conſequently rare : 
whence appears the great uſe of a full catalogue of teleſcopical ſtars, at 
leaſt within the limits of the zodiac, viz. that thereby theſe opportuni- 
ties may be more frequent: and wherever ſuch obſervations have for- 
merly been made to theſe ſmall ſtars we may be enabled to find them 
out, and by determining their places to be certain of the places of the 


| planets alſo: of which I have given a notable inſtance in finding the 


place of the great comet of 1680 in its farſt appearance, even before it 
had a tail viſible to the naked eye, of which an account is given in 
numb. 342 of the Tranfactions +. And ſince the Royal Obſervatory 
at Greenwich has been under my care I have endeavoured to put myſelf 
into a condition to ſupply the many and great vacancies to be met with 
in the preſent zodiac; and particularly 
the places of two teleſcopic ſtars, to one of which Jupiter was obſerved 
to apply by Galileo at the beginnin 
which is the very firſt obſervation of that kind that was made with the 
teleſcope “. On the 28th of February one hour after ſunſet a ſmall fix d 
ſtar was in conjunction with the fourth ſatellite (as it ſince 2 to 
have been) being then eaſtward of the planet. The next day March 1. 
at the ſame hour the center of Jupiter was in the angle of an equilateral 
triangle with the fourth ſatellite and the ſtar: and again March 2. Ju- 
piter being retrograde had paſt the conjunction of the ſtar, and a line 
from the ſtar perpendicular to that of the ſatellites fell on the firſt ſatel- 
lite then two minutes to the weſt of the planet, and in latitude the ſtar 
was more ſoutherly than the ſatellite eight minutes. This ſtar by the 
direction of the place of Jupiter at that time I found out, and by com- 
paring it with others in the catalogue, having nearly the ſame declina- 
tion, I ſettled its place in Gemini 13247 f to the time of the Britiſh 
catalogue with o 267 ſouth latitude. 
Another remarkable obſervation of Saturn is recorded in Riccioli , 
faid to have been made at Modena by the marquis Malvazzo on July 3. 
N. S. 1662, when the eaſtern anſa of Saturn touch'd a fix'd ſtar.” By 
the then place of Saturn I look?*d out for this ſtar, to which Saturn is 
* Nuncius ſyder. pag. 27. edit. pr. 1619, Wi | 58 
+ Aſtron. reform. pag. 286. IT, 
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at this time very near, and after the ſame method I ſettled its place 
incunte anno 1690 (the epoch of the Britiſh catalogue) in 297 34' of 
Scorpio with 2* o' north latitude. By this it will appear how defective 
the obſerved place of Saturn is ſtated in Riccioli, there being an error of 
above ſeven minutes in the latitude thereof, | 


in 
VIII. 1. P. M. 1 29 16 Clipſin jam inceptam vidi. 

1 Diſtantia cuſpidum 7' 4”, unde pars de. 

ficiens o' 47” ac initium verum 1* 2858 WM a 
1 34 18 Diſtantia cuſpidum 10! 30“ bop 
x 42 233 Mane [x07 20) fe 
1 43 26 Inclinatio cuſpidum ad dextras 44 30. S a 
2 32 37 Partes lucidæ reſiduæ 17! 20"! 0 
2 40 16 Repet. in med. eclipſis proxime 1719“, it 


3 28 45 Inclinatio ad ſiniſtras 197 of t 
3 31 45 Diſtantia cuſpidum 15 21% | a 
3 37 35 Repet. 100 50" v 
3 43 25 Finis eclipſeos dubius, ob limbum ſolis aſpe- y 
rum & undulantem nec fat bene definitum, W 
3 43 45 Certe deſierat eclipſis. 11 
Wen toto tempore ſerenum & tranquillum. 
VIII. 2. P. M. 1 28 38 Eginning. Apparent time. 
2 29 34 By eſtimation the cuſpes parallel to the 
horizon. 
3 43 22 The end. 


2 14 44 The duration. . 
71 


Quantity eclipſed 5 dig. —— 0 

I Had very correct obſervations both of the ſun and ſtars the 
26th, 27th, and 28th, for determining the exact time by my 
clock. For ſome minutes before the eclipſe began I obſerved the 
ſun with a teleſcope of 12 foot furniſhed with a micrometer, keeping 
that. part of the limb in the middle of the glaſs where I expected the 
moon firſt to touch, and in leſs than four ſeconds of time from the mo- 
ment I judged the eclipſe begun it was ſo conſiderably advanced, that 
I cannot doubt of having the beginning to leſs than three ſeconds. | 
believe the exact time of ending was within the ſame limit, notwith- 
ſtanding that the undulation of Be limb was then much greater than at 
the beginning. The parts eclipſed meaſur'd with the micrometer at the 
time of the greateſt obſcuration were 927 ſuch parts as the ſun's vertical 
diameter contain'd 1946, which was taken a little before the beginning 
of the eclipſe. The ſky was clear and free from clouds till near the 
end, when a narrow one obſcur'd ſome part of the ſun's diſk, but that 
part of the limb where the eclipſe ended continu'd clear till after it 
was over. By this obſervation the beginning differed not 2' +, and 
the end not +a minute from Dr. Halley's computauon which he ſent 
2 me 
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me the day before. And if his computation which was made for 
Greenwich had been reduced to the meridian of London, the diffe- 
rence would have been ſtill leſs. 


VIII. 3. P. M. 1 211 D Eginning. The ſun's diameter was ob- e n - 


3 


Ending 3 30 ſcured ſomewhat more than 5 digits. Jerved at 
VIII. 4. J Have an account from Yale-college in Connecticut colony, . 5 35 


4 which lies about 8' or 10! W. from Cambridge, in latitude 3. Hawking, 
about 41* 2' N. that they ſuppoſed the eclipſe of the ſun there to be Ibid. p. 199. 
about 8 digits, when by my calculation for Cambridge it was to have 7-* Ae. 4 
been above eleven. I never calculated it for Lale- college, but I did 3 
for London, and it agrees to about 7 or 8“ with your obſervations, England. By 
and pretty exact as to the digigs. The gentleman who writes me this, Mr. Tho. Ro- 
calculated it, and could make it ſcarce 7 digits eclipſed, and ſays that 1 
it paſſed off from America into the ſea a great deal more ſouthward 382. 5. 67. 
than I made it, for by my calculation it was to be central at cape Cod, . 
and fo to paſs over to the iſles of cape de Verd. But taking him to be 1724 
very much miſtaken, I proceed to give you my obſervations as far as I 
was able to make them; and I think they were well and truly made. 
| 1 

Nov. 27. 7 27 morn. I ſaw the ſun riſe eclipſed on its ſupreme 

1722, vertex to the ſouth about 4 digits, tho* ſome on the 

top of the new college ſaw it 2! or 3! before. The 
ſun's true riſing this morn. was 7 3o', hence the re- 
fraction is about 6', and ſo I have often obſerved 
it. From this time till about 8* 30“ or 40“ I ſaw no 
more of the ſun, but then I judge it was eclipſed 6 
Cigits or more, 


55 15 The ſun was eclipſed 45 digits neareſt. 

> 16 4 digits 2. 

19 45 A little ſpot in the ſun emerged, 

25 45 I ſaw the moon go off the ſun. 

25 45 Mr. Danforth ina room juſt by me ſaw the 
ſhadow go off the paper about 30 from 
its lower vertex to the eaſt. TR 

9 25 20 Mr. Appleton ſaw the ſhadow go off the 
paper fix'd to the college braſs quadrant 
at his houſe. 

Mr. Owen Harris, an ingenious ſchool- 
maſter in Boſton, fays he obſerved the 
| end at about 267 paſt 9. 

By the ſecond obſervation the ſun's diameter was to the moon's as 

1000 to 972; by the third, as 1000 to 975. At Boſton the eclipfe 

| was 


Sees Nr” 
8 


184 


Eclipſe of the 
fun cy 
25. 1726. - 
ſerved at Pa- 
dua by Signior 
Giovanni Po- 
leni, ». 395. 

p. 157. Aug. 
&c. 3 4 


The ſame ob- 
ferved at Lis- 
bon in the 0b- 
fernatory of 

the royal pa- 

lace. By Jo. 
Baptiſta Car- 
bone, u. 400. 
p. 335. Octo- 
ber, &c. 1727. 


— 


Eclipſes of the Sun. 
was obſerved, allowing for its diſtance, as I obſerved it at the col. 


Parr l. 


lege. And at Barnſtable on cap: Cod, there was but a little left of 
the ſun, and nearer the head of! the cape there was a ring of light 
quite round the moon. 

The teleſcope I made my ob ſervations by is 24 foot long. The te- 


leſcope that Mr. Danforth uſed through which the rays were tranſmit. 


ted was 8 feet, and the braſs quadrant the very ſame Dr. Halley 
uſed at St. Helena, If I have been guilty of any miſtake pardon me, 
and .if with eaſe you could tell me where the ſhadow would 
off America, I ſhould be glad, for I made it to be about cape Cod. 
Taking its latitude to be 40 north, or 40 10! and eaſt from the 
college 10“ or 13“. 

Temp. appar. 

6-4 | Caper defectus hoc tempore nullum apparebat 

IX. i.—; 25 25 tum poſt tempus hoc ingruerunt denſæ nubes, 
Dig. obſcur. 

I 


„ 

31 48 Tegitur maxima earum quæ conſpiciebantur in 
ſole macula, intermedia inter minores duas 
alias. 8 

34 27 3 

40 43 95 

44 20 37 

. 

. I 

49 Creſcebat certe adhuc obumbratio in ſolari diſ- 


co ut trans nubes apparebat: mox vero cum 
denſiores fierent nubes, atque ſol ad finito- 
remproperaret nihil quicquam amplius licuit 

obſervare. 
IX. 2. OElo preter ſpem clariſſimo deliquium hoc Ulyſſi pone 
conſpeximus, ejuſque finem tantum non vidimus; monte 
ſiquidem interjecto delituit fol uno circiter minuto temporis antequam 
plene reſtitueretur. Ad id ego obſcrvandum teleſcopio uſus ſum pe- 
dum 8. Pariſinorum, quod micrometro inſtruxeram accuratiſſimè 
elaborato. Nonnulla tamen obſervanti acceſſerunt incommoda, 
quibus præpedientibus macularum ſolarium ( quamplures eo die 
videbantur in ſole) immerſiones atque emerſiones, quin & 
phaſes aliquot digitorum inveſtigare aut opportune adnotare non licuit. 
uas tamen obſervare datum eſt, eas ſane ſenſibili errore carere au- 
tumo z tum quod in digitis ſolaribus rectè dimetiendis nullam præter- 
miſerim diligentiam z tum quod correctionem temporis (cui potiſſi- 
mum nititur hujuſmodi obſervationum veritas) repetitis eo die obſer- 
vationibus 


Al 4a Milt. i... AM <> 
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vationibus accuratiſſimè inveſtigaverim. Ne verd ſuo careat teſtimonio 
dicta correctio, duas hic apponam altitudines ſolis, quarum alte- 
ram ante eclipſeos initium alteram ſub ejus finem, quadrante aſtrono- 
mico trium pedum Pariſmorum deprehendi; & utraque ſane obſerva- 
tioni meridianæ conſentit, ejuſdemque defectùs horologium arguit. 


H. 77 
In meridie verd, ſeu apparenti indicabat horologium 11 58 34 
Nempe deficiebat a tempore vero —— ĩ — — 1 26 
A' meridie; altitudo vera centri folis —— — I 53 45 
Ejuſdem declinatio auſtralis | 53 18 
Altitudo poli ex pluribus obſervationibus certa ie, "ies hh Hg 
quoad 3 prima = — — 6 4 
uibus datis invenitur per n arcus di 
+ 10 ſolis & merid iano 2 — 1 * 49 36 
ui fi in tempus convertatur dat — » 23 18 
Indicabat verd horologiumn — ( — : 21 48 
; Ergo à tempore vero deficiebaltkay — — 1 
1 1 . 
Iterum altitudo vera centri folis — '— — 4 52 54 
Ejuſdem declinatio auſtralis  — — 55 24 
Altitudo poli ut ſupfra —! — 38 42 © 
Ex quibus denud per trigonometriam infertur arcus 82 
diſtantiæ ſolis à merid ian — — 2 
5 Qui in tempus converſus, dat — — 5; 21 59 
ne Indicahat verò horologium - — . 5 1-39... 36 
im Ac proinde a tempore vero deficiebat. ͤ— — 1 33 
t0- Hanc igitur æquationem tempori horologii prudens ad-. 
uit didi qud fieret tempus verum ſeu apparens correctum, eo- 
que uſus ſum in ſequentibus obſervationibus. Th. 
Incipit limbus lunz limbum — perſtringere. dub. T. V. 3 59 50 
I. Digitus latet — —— 4 
II. Digitus — — — 4 10 45 
III. Digitus k⸗ — — 14 16 55 
Dimidium quart i — 1 20 14 
IV. Digitus — — — 14 23 48 
V. Digitus — — 1 31 5 
Dimidium ſexti 3 99 — ni e 
VI. Digitus — E 1 
VII. Digitus a — 4 47 57 
Dimidium octavi — — 1 84 39 
Maximæ obſcurationis tempus, quantum ex re ; 4 58 20 


liquis phaſibus colligi poteſt ” — — 


meter ſolis. 


Ejuſdem vero quantitas, dig. 7. min. 48. nempè revolutiones 
cochleæ 11. & E, quarum 18 integras præcontinebat dia. 


Vol. VI. Par 1. 1 Emerſio. 


185 


186 


The ſame cb. 


ſerved at In- 


golſtadt, by 
the Jeſuiti, 


1. 405 


Nevenk 1 58. 


1728. 
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1 


Dimidi — la 
ium ſeptimi digiti latet 
VI. Digitus 5 
V. Digitus — 
Dimidium quinti — 
Dimidium quarti 
III. Digitus — 
Dimidium tertii 
II. Digitus —— 
Dimidium ſecundi — _ — 
I. Digitus — 

Limbus ſolis inferior montem ſtringit — 

Sol totus deliteſcit, adhuc 1 min. irciter I 
nempe 7 unius digiti — 

Altitudo apparens montis, ſeu limbi ſuperioris ions en 
377 30“%, quæ correcta erit 34 29“; ex his rurſus ſub- 
tractà quantitate ſemidiametri ſolaris 16" 4” remanebit 
altitudo vera centri ſolis, quando totus delituit 18' 25''; 
ex qua, reliquis etiam datis, infertur per trigonometriam 
hora prædictæ altitudini reſpondens, nimirùm 

Occaſus ſolis verus — 

Sed apparens, propter refractionem. Circiter 

Unde patet, 3 eclipſeos in noſtro hemiſpherio 


L 
IAN! 


* n n 


3 
FE 


E 


viſibilem fuiſſe ; contigit enim quantum * — 


colligi poteſt circiter — — 


IX. 1 loco obſcuro excepta per helioſcopium ſolis 
imago cæptæ eclipſis initium aN circa 460 
r a nadir ad barem — 

In ſpecula aſtropticà 100 circiter paſſibus a Jaco x priori 
diſtante, teleſcop. 12, & 16 ped. Gene ſol jam a 5 
ratus I unius digit — — tay 

' Immergitur centrum maculz | ls! Iimbo pegs 5 

Centrum maculæ infignis — =— 5 

Centrum maculæ 3 — =— — 5 

2 Digiti obſcurati, a nadir. in bor. 399 — = 5 

e = 3538 

. — = 27 5 
Solem 4 digit. cum dimidio circiter deficientem * 
ſurripuere | —_ — — — P 


1 __Phaſes . dimenſæ. 


6er 
| 
| 
14 


55 


57 


77 


27 


S — 


50 


22 


— 


Tz 
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my 
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Solis ſemidiameter ſepius micrometro dimenſa exactè implebat 
Gabe 

In diſco ſolari maculæ i quatuor notatis in immerſione diverſæ 
plures apparuere; ſed ez exiliores quam ut immerſio illarum quoque 
per vapores phœbum obſcurantes diſcerni poſſet. 


= N March 11. 1727. O. S. there happen'd at Vera Cruz in lat. 

O 19 12! N. a conſiderable eclipſe of the ſun, the greateſt ob- 
ſcuration being about 10 4 digits; and having that morning carefully 
adjuſted the pendulum clock and fixed a teleſcope to the index of a 
quadrant of 4 foot rad.; I obſerved it to begin in or about the S. E. by 8. 

of the ſun's diſk at 49 f minutes after noon apparent time; the 

altitude of the ſun's center then was 67 53". 

We could not determine exactly the middle of this eclipſe, but as 
near as we could judge it happened about 2* 3o' P. M. 

The eclipſe ended in or about the N. N. E. part of the ſolar diſk, 
at zu 59' f P. M. at which time the ſun's altitude was 28 34/. 


XI. 1. IN prædio quod eft occidentalius noſtro collegio D. Antonii 

1 M. 4#* hor. circiter, & cujus latitudo quadrante aſtronomico 
trium pedum explorata, eſt 3842 58%, obſervavi hanc eclipſim te- 
leſcopio pedum circiter 8, quod micrometro inſtruxeram ritè compa- 
rato. Initium infra horizontem celebratum eſt ; jamque digitos circiter 
4 deficiebat fol quando ex oppoſito monte primo emerſit. Sequentes 
tamen phaſes obſervari tantùm potuere, reliquis fortuito eventu impe- 


ditis. 
igiti H. 5 
1. Immerſ. temp. ver. corr. 
VI — — — — — 5 55 8 dub. 
VI” — — — — — 6 10 54 dub 
VIII, m. i!, ſec. 48“ max. 6 13 29 circ. 
VI3 — — — — — 6 1 
V — — — = 6 41 57 
IV — — — — — 6 45 2 
. 0 
HFS — — — D 6 50 49 
112 — —— 6 33 34 
Il + — — — — — 6 56 16 
be Ro EL T7 
I > Gans. _- — — — 7 I 28 
*. 7 
2 2 wp — 7 6 28 
F — 7 9 2 certiſ. 


— 
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Poſt finem eclipſeos ſtatim horologium pendulo inſtructum, quo ad 
temporis dimenſionem uſus ſum, duplici ſolis altitudine eodem qua- 
drante aſtronomico ſucceſſive obſervata, ad trutinam revocavi; inven- 
tamque correctionem, in phaſibus ſuperiùs adnotatis adhibui. 

.. 
The ſame eb. XI. 2. Sept. 13. 7 © o Ntendebam ad conſpectum Siry verſan- 
"8 


ne 7 1727. tis in vicinia meridiani; cum ex ephe- 
"Fe meridum calculis poſt aliquot minura eclip- 


ſeos initium promitteretur. Interea tamen 
directo in ſolem tubo optico, exceptaque in 
charta imagine, jam cæpiſſe video eclipſim 
ex aliqot minutis horariis. Videram die 
præcedenti maculas plures apparere in diſco 
ſolis: quas cum in figura ſuis locis reddere 
cuperem ante initium eclipſeos, ne differem 
poſt earumdem contectionem à diſco lunæ 
ä commenſum illarum, ac ſitum reſpectu azi- 
= muthi -adnotare 3 huic deſcriptioni ſtatim 
| incumbendum duxi, adeoque phaſes eclip- 
ſeos priores attendere prætermiſi. Completa 
celeriter macularum delineatione ſequentes 
haſes accurate adnotavi cum V. C. Jo. 
minico Maraldi, uno verò ex meis do- 
= meſticis numerante horaria ſecunda tempo- 
ris clara voce in horologio pendulo inſtru- 
cto, & pluribus diebus ante ad meridiem 
ee xacto, ad phaſes ſingulas. 

Fig. 102. 7 2 17 Latent ſolaris diſci digiti tres cum qua- 
drante à luna contecti. Interſectio diſcorum 
ſolis, & lunæ incidit in gr. 3. & 95. nume- 
ratis à puncto, quod eſt in figura inverſa 
verticale, nempe A. Maeula à eſt in plano 
a zimuthi per centrum ſolis à zenith ducti, & 
diſtat in ſemidiametro diſci ſolaris à centro 
verſus peripheriam digitis 4 4, ut in figura. 
Etiam macula e in eodem fere azimutho 

92 vexſatu—·— —— | 
21 47 -Cum-per aliquod—temperis -intervallum 
x nubes intereepiſſent adſpectum ſolis, paulo 
ante reſtituta ſerenitate, nunc ſpectantur a 
luna contecti digiti ſolaris diſei 4 . Inter- 
ſectio diſeorum felis & lunæ fit in gr. diſci 
ſolaris 10. & 111. ut antea à puncto A ima- 

ginis per lævam reſpieientis numeratis. 
724 © Veſtigium dilutionis maculæ m prope b ſitæ 

lunæ diſcum ſubit. 

4 f Macula 


5 
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7 24 40 Macula 6 incipit perſtringi à diſco lunæ. 

7 25 11 Eadem macula h tota immergitur. 

7 27 41 Initium maculæ c incipit ſubire diſcum lunæ. 

7 28 31 Eadem macula c tota jam occultatur. 

7 29 10 Digiti ſolaris diametri g latent. 

7 31 9 Latent digiti 3. Interſectio diſcorum utriuſque luminaris 
fit in gr. 20, & 136. 

7 38 45 Latent digiti 6, & gr. 31. atque 150 Solaris diſci ſunt 
puncta interſectionum cum lunari. 

- 40 58 Macula d limbus prior à lunæ circulo perſtringitur. 

7 41 45 Tota macula 4 jam later. 

7 43 15 Conteguntur ſolis digiti 6 +; & interſeCtio diſcorum incidit 


in gr. 39. & 162. 
7 45 26 * erme Evanidæ f limbus perſtringitur ab incurſu 
unæ. 


7 46 20 Tota macula f à luna contegitur. 
7 50 © Latent digiti 6 F, & luminarium peripheria ſe interſecant 
in gr. 61 & 185. 
8 © 12 Latent paulo minus quàm digiti ſex, ſeu 5+, interſecant ſeſe 
diſci in gr. 62. & 182. 
8 2 25 Latent digiti 5+ ex gr. 63. ad 183. 
8 5 24 roamed, ny 5 x. interſectio luminarium diſci in gr. ſolaris 
o & 192. 
3 8 32 Latentdigiti 5. interſectio in gr. 82 x, & 192 5. 
11 go Incipit emergere limbus prior maculz b. 
12 38 Tota macula & extra limbum lunæ; & macula » eidem 
proxima ſimul exit. 
14 46 Emergit etiam macula m vicina maculz b. 
16 34 Emergit quoque macula / eidem þ proxima. 
18 29 Macula c emergit. | 
22 38 Latent digiti 3 +. interſectio diſcorum in gr. 105. & 195.4 
23 40 Incipit emergere macula d. 
8 24 10 Tota macula d extra diſcum lunz. 
8 27 23 _— digiti 2 5, interſectio diſcorum fit in gr. ſolaris 115. 
182. | 
8 34 5 Incipit emergere è diſco lunz prior limbus maculæ e. 
8 34 55 Tota macula e extra limbum lune. 
35 46 Latent digiti 13. 
0 


GS OS 


0 CO QS © og 


37 Y Latent digiti 1 7. | 
37 27 Exeunt extra limbum lunz maculæ g, & b, ſitæ prope 
maculam e. 8 
8 39 46 Latent digiti o 4. Interſectio limborum utriuſque diſci lu- 
minarium in ſolarĩ incidit in gr. 140. & 180. 
8 42 8 Limbus ſuperior ſolis diſtar à vertice gr. 58. 1'. inſpectus 
per quadrantem aurichalchicum tubo inſtrutum, cuyus 


radius eſt palm. Rom. 3. Finis 
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h. gy OF | 
8 44 10. Finiseclipſeos nunc primum excedente omnimode ex lim 
ſolis lunæ diſci extremo. 
8 46 53 Limbus ſuperior ſolis per quadrantem aurichalchicum in- 
ſpectus diſtat a vertice gr. 57. 300. adeoque centrum ſoli; 
diſtat à vertice gr. 57. 46“. 
8 43 1 Limbus ſuperior ſolis iterum inſpectus diſtat à vertice gr, 
57. 20. adeoque centrum ſolis diſtat à vertice gr. 57. 36“ 
Limbus inferior ſolis diſtat a vertice per ſupradictum qua- 
drantem gr. 57. 207. adeoque centrum ſolis diſtat à ver- 
tice gr. 57. 4. 
Eadem die in meridie ccelo clariſſimo. 
11 58 25 Primus folis limbus cum penumbra attingit lineam meri- 


dianam. 
o 1 35 Secundus ſolis limbus cum penumbra attingit lineam me- 
ridianam 7 


Ergo Meridie— o o o 
— meridie Nr à vertice per quadrantem explorata fuit 
r. 38 27 limbi ſuperior is. 8 . 
Gr. 38. 5 limbi erlors. J Centrt ſolis gr. 38. 43“ 
XI. 3. yen in ſole maculz hujuſce eclipſis tempore videban- 
tur: cum tamen pre nubibus neceſſariæ circa illas inſtitui 
ob ſervationes non potuerint, ut earum ſitus in ſolari diſco deprehende- 
retur, præcipuarum tantùm aſpectus in appoſita figura exhibetur, qua- 
lis inferri potuit ex obſervationibus veſpere diei 14. circa hor. 5. 260 
habitis; idque ſatis eſſe arbitror ad eas indicandas que ſunt à luna oc. 
cultatæ eclipſis tempore. Notandum tamen, prædictàs maculas, er 
quo obſervatæ ſunt veſpere diei 14. uſque ad eclipſis te „non mo- 
do ſingulas in ſuo parallelo ſolari proceſſiſſe, quantum regularis motus 
ſolis fert, verùm etiam pleraſque earum fine lege immutatas apparuiſſe 
tum figura, tum magnitudine; nonnullas etiam in plures diviſas, aliaf- 
que in unum compactas; alias demum in limbo ſolis orientalis viſas, 
quæ veſpere præcedenti non apparebant. 
Initium eclipſis obſervari non potuit; ſed hor. 18. 63“. 48 “/. aſtro- 
_— ſenlibils apparebat defectus, ut inter nubes. 
18 59 37 Unus digitus, & amplius fortaſſe latebat. 
19 3 12 Digitus cum dimidio. 
19 6 50 Duo digiti. 
19 10 11 Duo cum dimidio. dub. Pauld poſt nubes ſolem obtegunt. 
19 30 35 Sol inter nubes videtur deficere plus digitis 4 cum dimidio. 
19 35 46 Eclipſis nondum pertingere videtur ad 5 digit. 
19 40 47 Quinque digiti circiter. 


19 44 31 Maculæ, b, c, d, e, jam latebant, Nunc occultatur cen- 
Limbus 


trum, 4, 


— 


ee az a iam MS an a M$i-c.o. oc 


— 
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19 47 27 Limbus C inter maculas, . 
19 47 46 Secunda ex duabus maculis, s, omnino tegitur. 
19 51 37 Eclipſis eſt pauld minor 5 digit. inter nubes. 

19 54 12 Centrum maculz, p, occultatur. 
19 55 37 Centrum, g, item occultatur. 
19 59 2 Quatuordig. cum dimidio eclipſantur. dub. 

20 1 22 Una ex maculis prope limbum ( fortaſſe n) occultatur. 


þ 20 10 10 Eclipſis pauld min. dig. 3 . 
20 11 47 Tota macula i, emerſit. 


20 15 © Eclipſis 3 digitorum. 


20 18 48 Duorum cum dimidio. 
j. 20 18 49 Incipit emergere macula, 5. 
20 22 26 Duo digiti circiter eclipſantur. 


fo 20 26 14 Digitus I To 


20 36 6 Finis Eclipſeos a tribus obſervatoribus notatus, in eodem 


ſecundo temporis concordibus. 
ut 1727 Sept. 14. 5> 26' Figurz macularum ſolarum inverſo ſitu. Fig. 103. 
XI. D errar tamen nubibus ſæpius intercurrentibus, non plures The ſame «6- 
obſervar1 Potuerunt phaſes, quam eæ, quas ſubjeci. ſerved at Pa- 
n. temp. ver. H. 70 digit. dua, by 1 Po- 
W 19 3 45 W m_ 0; 5. 479. 
e- 24 12 — — 3 0 " 
0 2 3 27 N 4 32 
; 20 30 45 — — 1 90 ; 
0 £ „ — Finis. 1 
. tempus ver. 2 
Pp XII. 1 oP 8 * phaſes eclipticæ. 
tus e digit. min. Edliph of the 
iſle 3 56 o ſol oritur poſt nubes. ſun obſerved at 
af 59 © 5 & paulo plus ſol latet poſt nubes. 2 
as, 4 10 30 6 55 9.8%)“ 
26 0 6 30 Frid. Weidler, 
r0- O 0 1. 415. p. 394. 
38 © 5 30 Sept. c. 1730. 
43 30 5 O 
47 © o 30 
50 15 4 © 
53 30 3 30 
nt. 0 3 2 
0. 5 3 30 2 2 
- 1 I 30 
10 30 x 2 
cen- 13. 8 O 30 
15 30 Finis. | X | 
1bus Annotat. I. Sol oriens figuram orbis monſtrat ellipticam : diameter p. 0g. 


verticalis duobus d igitis ſive ſexta ſui parte contractior apparet horizon- 
I. Memo- 


tali. 


1 


Cuar. IV. Eclipſes of the Sun. 


Eclipſes of the Sun. Parry I 


II. Memorabilis erat conſpectus orbis lunz aſpero margine præditi, 
quoad partem quæ in occaſum ſpectabat. Diſtincte enim cernebatut 
H. 4. M. 3. vallis rt diam. Lunæ profunda & vr ejuſdem diam. cir- 
citer longa. In progreſſu eclipſeos aſperitas limbi lunæ minuebatur, & 
adherente cidem faſcia cœrulea abſcondebatur. Hæc enim faſcia ſen- 
ſim ſole altius ſurgente dilatabatur. Tum præter colorem cœruleum 


etiam puniceus lunæ proprius incumbens in oculos incurrebat, & circa 


The ſame ob- 
ſerved at Pa- 
dua, by G.Po- 


N 
The ſame ob- 
ed at Pe- 


finem deliquii faſciz coloratæ ſpiſſitudo trigeſimæ ſextæ parti diametri 
lunaris prope par videbatur. | 
III. Præterea juxta lunaris diſci marginem coloratum perpetua lu- 
minis ſolaris commotio notata eſt. 
XII. 2 Riente ſole nubes tenues finitorem quaſi cingebant : quibus 
deinde evaneſcentibus aer tantillum nebuloſus fuit, ut ma- 
culæ ſolares haud ſatis diſtincte apparerent. 
digiti obſcur. temp. ver. 


l 1 
1730 Jul. 14. S. N. 4 a 
3 . 5 Wh 16 48 7 A 
3 16 50 36 e 
2 16 57 24 — 
3 17 1 20 
4 ä 


Finis totius obſcur. 17 6 B8$ 

XII.3. LO die cœlum a ſummo mane densè obnubilatum, ac poſtea in 
pluvias reſolutum, copioſos imbres dejecit proxima ante eclipſim 

hora; ita ut eclipſim alii quidem obſervari poſſe pene jam deſperarent, 
. alii verò non apparituram ſibi gratularentur: cum ex inſperatò ſub ip- 
ſium oclipſis initium ſiſtere pluviæ, ſimulque nubes rareſcere cœperunt, 
ac poſt horæ quadrantem per rariora nubila nudis oculis ſpectabile ap- 
parere corpus ſolis, ſupernè ex parte borea non nihil ad dextram ſeu 


©. occidentem verſus eclipſi infectum circiter ſeſquidigitum. Igitur pur- 


gata è veſtigio area & madore utcunque abſterſo-exprompfimus quod 
Pro obſervatione coram ſpectatoribus multis commonſtranda præpara- 
veramus organon, ad ſpeciem ſolis ſcilicet per teleſcopium 6 pedum 
Sinicorum excipiendam in orthogonaliter ſubjecta menſula, è cujus centro 
ad amplitudinem apparentis ſpeciei accuratè deſcriptus erat circulus 
per 10 digitos more Sinico diviſus. Parati quoque habebantur in charta 
munda plures circuli ſimiliter diviſi, & ſuper illum ſucceſſive applicandi, 
in quibus præſignatæ erant phaſes eclipticæ per ſingulos digitos appa- 
rituræ, ſecundum inclinationes lunæ ad lineam verticalem ſolis. Inte- 
rim verò dum ſol tenues nubes penĩtus evinceret, clareque diſtinctam in 
diſco ſpeciem redderet, aliud ad ſolem dirigebatur teleſcopium 2 len- 
tibus objectivis inſtructum, in ea inter ſe diſtantia, ut filare reticulum in 
foco teleſcopii diſpoſitum, pariterque per 10 digitos diviſum exacte 
quadraret apparenti magnitudini ſolis, atque per iſtud primo obſerva- 
tus fuit appulſus lunæ. 
| 1 11 40 
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4 
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Caae. V. Eelipſes of the Sun 


| - 
11 40 a. m. ad dig. III. id eſt Eur {hs 
II 51 - ad dag. IV. OR TE: 48 


4 
Poſtea clariſſime allucente ſole per hujus ſpeciem in diſco notati 
fuerunt ut I 


8 

8 =. at eee V. Europ. d. 6 © 
O 14 fin. IOOES 1 
o 26 2 8 ad dig. VII. 8 24 
O 40 ad dig. VIII. 9 36 
© 51 max. eclipſ. dig. VIII. . 9 54 
1 2 regreſf, ad dig. VIII. 9 36 
1 16 20f! | ad dig. VII. 8 24 
n dad dig. VI. 7 12 


Dein rurſus tenui nebula involutus ſol ſuam ſpeciem infuſcavit, tele- 
oped —_— prefato clare viſibilis ad cujus reticulum obſervatus eſt. 


1 39 2 m. receſſ. ad dig. * ſeu cent. 6 © 
. 1.50. h ad dig. IV 4 48 
_ Is. " 44 oi * 3.36 
Iterum emergens è nebula ſol clariſſimam exhibuit ſpeciem ad quam 
porro notati ſunt. 


HM 7 | 
2 9 20 receſl. ad dig. n i 2 24 
2 18 20 ad dig. 1. 1 12 


2 27 10 Finis eclipſis: qui itidem per aliud teleſcopium ex- 
cellens 14 pedum Sinicorum eodem momento eſt annotatus. 

Horologium denique correxit, atque direxit ſol ipſe tum in magno 
(ciatherico, armillaque zquatoria obſervatorii ſingula minuta horaria 
commonſtrans, tum per —— r altitudines eadem momenta tem- 
poris comprobans. 

Præterea aliquot ſolis macularum occultationes & retectiones obſer- 
vatæ ſunt. Macula major que erat in ipſa peripheria dig. II. ad nord- 
oſt, immerſa eſt h. o 22“ p. m. ſequentes aliæ minores ibidem inter 
dig. IT. & I. immerſæ ſunt, 1* h. o 27! go; 2*h.o-31' 40”; 3* h. o 


710% 4* h. o 38! 35". © Macule 2 inter dig. III. & IV. verſus ſud- 
weſt retectæ ſunt una h. 1 18“ 4 altera h. 1 237 5077 quarum im- 


merſiones non ſunt annotatæ. culæ 4 at nord-oft retectz fuerunt. 
1 h. 2 5' 2001; 2* H. 2 n 3 h. 2 1125,%/; 4 h. 2 12125“. 
XIII. 1. y s apparens | 
meridiem £ 
8 U Bi initium eclipſi nubes lunam obtexere. 
6 54 25 Umbra appellit ad partem ortivam maris 
humorum; diſtat ab Ariſtarcho diametro ejuſ- 
dem maculæ, parique in intervallo a Keplero. 
7 5 5 Appellit umbra ad Copernicum. 


Vol. VI. Parr I. | e c 12 56 1724. 
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Fig: 10g. 


By S. Giov. 
Poleni and 
Giovam. 

Morgagni, 
b. 382. p. 71. 
March, &c. 
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The ſame ob- 
ſerved in the 
lace of the 
ſtituto delle 
— 3 Bo 
ogna. N S. 
Gem. Ron deln ; 


Ki 5. 72. 


Eclipſes of the Mon. Paxr I. 


e 
12 56 Umbra appellit ad Tychonem. 


18 10 Appellit ad Platonem. ba 
22 31 Tegit Manilium totum. 
30 55 Tegere incipit partem ortivam maris nectaris. 
41 53 Ap — ſecundam partem ortivam ſuperiorem ad mare 
- Criſium. 
46 58 Penumbra extremum diſci attingit. 
49 4 Vir quidquam immerſjonis ſupereſt. 
Toto integræ immerſionis tempore luna videri potuit com- 
mixta colore quodam obſcuro & ſubrubro. Principio 
w- immerſionem Iunz pars orientem verſus erat ob- 
curior. 
8 33 3 Obſcurior erat lunæ pars prope diſci medium: minus ob- 
ſcuræ erant circumquaque partes diſci extremæ. 
9 30 49 Stellula quædam, nudis oculis inconſpicua, vix decem ſe- 
cundis diſtare videbatur a lunæ diſco e regione Lansbergii. 
32 9 Penumbra fit clara in diſci extrema parte ortiva. 
36 4 Initium emerſionis ex ortiva plaga. 
40 39 Grimaldus jam emerſit ab umbra a qua diſtat ſui ipſius mi- 
3 nori ſpatio. 6 
44 38 Stellulæ ante viſæ a luna occultatio: tamen incerta. 
49 34 Gaſſendus emergit. 
50 49 Mare humorum extra umbram totum. 
10 00 3 Copernici emerſio. 
8 5 55 Plato emergere incipit. 
14 41 Eudoxus exit. 
19 12 Menelai emerſio. 
27 7 Mare nectaris totum emerſit. 
36 28 Umbra dividit mare Criſium bifariam ſecundum ipfius ma- 
jorem diametrum. 
39 12 Incipit umbra fieri tantillum rarior. 
41 2 Viſus eſt eſſe umbræ finis. 
42 57 Et finis penumbre. 
Temp. ver. p. m. g SF | We 
| h. # FT Nniumeclipfis non eft obſervatum. 
XII. 2. 6 31 36 Mare humorum ad umbram. 3 
356556 22 Capuanus ad umbram. 
56 37 Mare humorum totum in umbra. 
1 7 Bullialdus ad nmbram. 
2 52 Bullialdus totus ſub umbra 
3 37 Copernicus totus fub umbra. 
11 22 Tycho ad umbram. 
12 52 Totus Tycho ſub umbra. 
1136 37 Plato ad umbram. | | 
16 27 Totus Plato ſub umbra. 3 
5 19 22 
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7 19 22 Manilius ad umbram. 


19 52 Mare ſerenitatis, GT, \ 

23 57 Mare tranquillitatis. 5 

35 8 Meſlalla ad umbram. 

36 8 Totus Meſlalla ſub umbra. 

36 38 Mare fœcunditatis ad umbram. 

37 23 Promontorium ſomni. 

39 23 Cleomedes ad umbram. 

39 53 Mare Criſium. 

44 8 Mare fœcunditatis totum. 

44 43 Mare Criſium totum. ; 

47 18 Totalis obſcuratio lunz, juxta D. Nadii ſimul obſervantis 
æſtimationem. 

47 53 Totalis obſcuratio, juxta D. Pariſium etiam obſervantem. 


* 


9 33 40 Initium emerſionis lunæ. 


10 


36 35 Grimaldus totus extra umbram. 
40 54 Galilæus extra umbram. 
42 34 Sidus quoddam à luna tegitur in eodem proxime verticali 
cum centro lunæ. 
47 50 Mare humorum extra umbram. 
52 10 Bullialdus extra umbram. | 
54 25 Centrum Tychonis extra umbram. 
55 12 Tycho totus extra umbram. 
58 46 Mare nubium extra umbram. 8 
4 2 Plato ad umbræ terminum. . 
5 33 Totus Plato extra umbram. 
17 12 Inſula ſinus medii extra umbram. 
23 47 Meſlalla ad terminum umbræ; ſimul totum mare ſerenita- 
| tis extra umbram. oc 6 C 8 
27 58 Mare tranquillitatis extra umbram. 
30 12 Cleomedes extra umbram. e heb 
32 8 Mare Criſium umbræ terminum attingit. 
34 7 Mare fœcunditatis totum extra umbram. 


36 19 Mare Criſium totum extra'umbram. 


--z 
a - 


37 36 Finis eclipſis. 
h. 7 77 
XIII. 3. 6 31 48 


penumbra atmoſpheræ jam infecta. 


42 13 Initium veræ eclipſis, quantum judicare patiebatur 
ſubdubius umbræ terminus. Paulo poſt nubecu- 


larum atque arborum objectu luna tegebatur. 


52 48 Umbra per Ariſtarchum & Keplerum protenditur, 


atque una mare humorum tangere videtur. 


. 
pernicum. 


22 5 Cc 2 Umbra 


Unc primum luna e collibus aſſurgere incipit, /* 


2 2 23 Umbra per medium Bullialdi, ſimul tangens Co- 


The ſame - 
ow 7 — 
uburbs of Bo- 
— ſout b. 
wards, by S. 
Euſtach. and 
Gab. Manfredi 
ibid. p. 74. 
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7 4 2 Umbra per medium Copernici. 


5 4 Totus Copernicus latet. 
7 58 Umbra Pitatum attingit. 

10 54 Attingit Tychonem. 

12 19 Medium Tychonis later. 

13 9 Totus Tycho later. 

15 34 Umbra ad Platonem. 

16 7 Ad medium Platonis. 

16 54 Totus Plato later. 

20 9 Manilius tegitur. 

20 34 Umbra tangit mare ſerenitatis. 

23 44 Menelaus tegitur. | 

24 37 Dionyſus tegitur. 

27 34 Plinius punk 

29 49 Umbra ad Catharinam, Theophilum, Cyritlum. 

30 36 Umbra tangit Fracaſtorium. | 

31 44 Medium Fracaſtorii tegitur. 

32 34 Promontorium acutum umbram ſubit. 

35 15 Promontorium ſomni latet. | 

37 57 Taruntius later. 

39 39 Umbra tangit mare Criſium. 

42 16 Umbra per medium mare Criſium. 

44 5 Totum mare Criſium in umbra conditur. 

47 50 Totalis immerſio lunæ in umbram. ; 

Toto tempore eclipſis luna clariſſimè in ſudo ſpectabatur, 
colore rubeſcenti, ea parte, denſiori, qua altius in 
umbram immergebatur. TE hf, 

38 50 Hoc tempore, & deinceps aliquot minutis, omni ex parte 
æque obſcura apparebat Tunz facies, ut facile conſtaret 
eam prope umbræ centrum verfari. Se ee 

27 50 E regione Grimaldi, qua parte emerſio imminebat, inſignis 

fulgor ſpeCtari cœperat. : 

29 20 Dubitari cœptum de emerſionis initio. 

33 20 Proculdubio emerſio jam inceperat. 

35 21 Grimaldus ab umbra ſe ſubducere incipit. 


9 


35 55 Centrum Grimaldi emergit, totus Ricciolus jam detectus 


nt, 5: | ad 
26. 26 Totus Grimaldus exit ab umbra. 
39 28 Galilæus exit. | 
41 22 Umbra tangit mare humorum. 


22 31 Stellula quæ diu prope limbum lunæ inferiorem ( qui teleſco- 


pio ſuperior apparebat) morata fuerat, nunc demum ſub 
lunam conditur, circa plagam Tychonis, adhuc eclipfi 
laborantem. Aliæ Stellulz lunam ſubituræ videbantur, 
ſed poſtquam unus vel alter digitus lunaris faciei illuſtrari 
cœpit, pre fulgore omnes evaneſcebant. DPmbra 


IC 


Crap. IV. Eclipſes of the Moon. 


h. F "” 
9 43 53 Umbra per medium mare humorum. 


45 41 Ariſtarchus emergit. 
47 23 Keplerus emergit. 
52 6 Emergit Bullialdus. 
53 31 Tycho detegi incipit. | | 
54 9 Medium Tychonis detegitur. un tt... 
55 1 Totus Tycho detectus: quo tempore nondum ſtellula e 
luna ſe ſubduxerat. 
55 21 Copernicus emergere incipit. 
56 6 Medium Copernici emergit. | 
57 15 Totus Copernicus. REGEET, 3% DIY TT WEN TIRE 
10 0 1 Stellula quæ pavlo antea ſub luna delituerat, jam ſpectaba- 
tur a lunæ limbo nonnihil diſtans, ut appareret eam ante 
4 vel 5 minuta temporis emerſiſſe. Verſabatur autem e 
regione partis obſcuræ inferioris limbi lunæ, neque longs 
ab umbræ termino. Yao | 
4 51 Umbra per medium Platonis. | 
5 36 Totus Plato detegitur. | 
13 6 Manilius emergit. 
16 31 Dionyſus emergit. 
16 41 Menelaus emergit. | 
20 31 Fracaſtorius totus jam emerſerat. 
23 51 Snellius & Furnerius totaliter emergunt. 
24 3 Promontorium acutum detegitur. 
25 11 Meſſalla totus apparet. 


X 31 11 Proclus emergit. 
31 51 Mare Criſium emergere incipit. 
e 34 3 Medium mare Criſium emergit. 
N 36 7 Totum mare Criſium extra umbram. | 
38 51 Circa hoc tempus umbra vera lunam deſerere videtur, pe- 
is | numbra adhuc ad multum temporis perdurante. 


In the Ephemerides publiſhed in the year 1715 from M. Caſſini's 
ables for the uſe of the Iſtituto Bologneſe delle Scienze, the beginning 
of theſe eclipſes was marked at 6*. 410, the total immerfion at 7 46, 
the beginning of the emerſion at '9* 33 the end at 10® 38“, which 
times ſcarcely differ one or 'two minutes from the times obſerved. 


XIII. 4. 6 40 23 INitium eclipſis dubium. | | * oo ow ; 
ms of | Mare humorum ad umbram. ; logna. By the 
55 46 Capuanus ad umbram. | ' Marquis Ant, 
7 1 13 Bullialdus 2d umbram. 825%, Ghihlteri, os 
» 28 14 Mare nectaris totum ſub umbra. = 1 
b 32 30 Promontorium acutum ad umbram. houſe, ibid. 
fi 36 45 Promontorium ſomni ad umbram. P. 77- 
r, 38 45 Mare Criſium ad umbram. 


ri 46 37 Totalis immerſio lunæ. 
ra Initium 
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Eclipſes of the Moon. Parr. I. 


h. 1 


9 33 50 Initium emerſionis. 
35 39 Grimaldus totus extra umbram. 
54 17 Tycho totus extra umbram. 
10 15 6 Plinius totus extra umbram. 
32 39 Mare Criſium emergere incipit. 
37 42 Finis eclipſis. 


Eclipſe of the XIV. HE eclipſe of the moon which happened in June laſt 1722. 


moon at Grreen- 
wich, Jamaica 
and Berlin, 


was ſo far hid by the cloudy ſky that neither myſelf nor any 
of our aſtronomical friends in or about London, could furniſh an obſer. 


June 18,1722. vation thereof worthy to be laid before the ſociety. But the ſame having 


compared. B 
Dr. Edmun 
Halley, a. 375. 
b. 235. Jan. 
&c. 1723. 


been well obſerved at Jamaica by the late curious Capt. Candler Com. 
mander of his majeſty's ſhip Launceſton (whoſe example it were to be 
wiſh'd others in the like poſt would imitate) and at Berlin by Mr. 
Chriſtfried Kirck, aſtronomer of the royal academy of ſciences there, 
I chought it not amiſs to prefix to their accounts that little I was abl: 
to note concerning it. 

Sunday June 18 mane having perfectly rectified my clock fo as to 
ſnew the apparent time, neither the tranſit of the moon over the meridian 
nor the beginning of the eclipſe which ſoon followed, could be ſeen 
thro? the very thick cloud. At 13 h. 12? T. app. a ſmall particle of 
the moon's body was ſeen thro? a very little hiatus in the cloud, by 
which glimpſe I could only be aſſured that the eclipſe was not yet total, 
At 13 h. 29“ by ſuch another view I was ſatisfied that it was now be. 
come total; but in a moment it again diſappear'd, till 14 h. 49 10%, 
when the cloud beginning to break I got time to meafure with the 
micrometer the partes lucidæ now recovered in the moon's diameter, 
which I found 14' oO, tho? this not ſo well as I could wiſh by reaſon 
of a thinner ſort of cloud which perpetually intercurr'd, and render'd 
the edge of the ſhadow ſomewhat dubious. | 

At 15 h. 15" the moon was pretty well got out of the thick cloud, 
but being very low and the day-light become ſtrong, ſhe ſhone very 
taintly and the ſhadow became — and worſe defined. 

From 15 h. 267 to 15 h. 27 T. app. I doubted of the end, and an 
confident it did not exceed the 27th minute. It ended over-againlt 
the north part of the palus mæotis of Mr. Hevelius, much about the 
middle of the weſtern or right-hand limb of the moon, ſhe being then 
very near ſetting. 9 

Capt. Barth. Candler being then at Port Royal in Jamaica, had much 
better fortune and a ſerene ſky from the beginning to the end, who ha- 
ving uſed due care to be aſſured of his times by altitudes taken with an 
inſtrument of three foot radius, was pleaſed to ſend us the reſult of h 


_ Cbſervation as follows, 


The 


The 


Cuar. IV. Eclipſes of the Moon. 
h. 7 4 

= The eclipſe began 6 59 10 
Immerſion $3.50 

Emerſion 9 11 © 

The end 10 19 40 


Whence the middle 8 39 25 
And 2 the eclipſe to have ended at Greenwich at 15 h. 2603, 
the difference of longitude between Port Royal and Greenwich will be 
5 h. 60 50%, or 5 h. 6'x from London, that is, 76 gr. 37“ J. 
Mr. Kirck being in a more eaſterly meridian could ſee nothing of 
the emerſion, but has carefully — the time of the beginning and 
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immerſion as he obſerved them at Berlin, viz. the beginning of the 


eclipſe at 12 h. 59! 55! and the immerſion at 14 h. 8/ 8//. Now by 
comparing ſeveral obſervations made at both places we have former] 
concluded Berlin to be 54 min. of time, or 13 f grad. of longitude 
more eaſterly than London; wherefore at London it began at 12 h. 
5! 55//, and immerged at 13 h. 14/ 8//, that is the beginning was later 
here than at Jamaica 5 h. 6/434, and the immerſion later 5 h. 6/ 18/!, 
punctually agreeing with what reſulted from my own obſervation of 
the end as aboveſaid ; and ſufficiently with what I had long ſince de- 
termined from obſervations ſent me Bs Jamaica by my old aſtrono- 
mical friend Mr. Charles Boucher. 5 
XV. 1 Bſervavimus hanc eclipſim teleſcopiis, altero quidem pe- 
dum Pariſinorum 8. ſed clariſſimo, altero 10. ſed minus 
claro: utroque tamen lunares maculæ perfectiſſimè diſcernebantur. 
Ad temporis dimenſionem uſi ſumus horologio oſcillatorio vulgo pen- 
dulo ſatis exacto, pluribus ante diebus in ipſo obſervationis loco firmato, 
& quotidiano examine per meridianam lineam ibidem a nobis jamdiu 
inventam, & pluries examinatam ad medium ſolis motum quam proxime 
reducto. Nocte vero ipſius eclipſis ter illud ad trutinam revocavimus, 
ut ejus a vero tempore diſcordiam deprehenderemus. Primo in tranſitu 
Fomahautis per meridianum, Hor. 8. M. 17. Sec. 18. Secundo in tran- 
ſitu Rigel ſeu Pedis Lucidi Orionis, Hor. 2. M. 35. Sec. 21. Tertio in 
tranſitu Sirii, Hor. 4. M. 7. Sec. 40. (aſcenſiones rectæ deductæ ſunt ex 
tabulis Hirianis.) Invenimus autem horologium tardius incedere ſe- 
cundis tantum 7. quæ jam addita ſunt momento obſervationis mox 
apponendæ. 

A ſolis occaſu uſque ad mediam noctem nubes ac pluviæ cœlum 
nobis identidem adimebant. Ventus tamen ſub horam 1. illud nobis 
latis clarum reſtituit, eoque uſi ſumus ad horam prope tertiam. 


| Temp. ver. hor. ! #/ 


i 38 o Penumbra incipit eſſe ſenſibilis 
„ fit ſpiſſior 

14 fit ſpiſſiſſima 

1 47 45 Umbra incipit 

1 49 25 Diſcus lunæ apparet deficiens 


Per- 


Eclipſe of the 
moon at Lis- 
bon, Nov. 1. 
1724. N. S. 
By J. B. Car- 
bone and Do- 
min. Capaſſus, 
n. 385. p. 180. 
Odd. &c. 
1724. 
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Umbra p it ad Ariſtarchum 
Pertingit ad Platonem 
Ariſtarchus totus in umbra 
Architas 

Ariſtoteles 

Pitheas 


Galilæus 


Umbra ad littus orientale maris Gretitala 
Endymion immergitur totus 
Copernicus incipit immergi 
totus in umbra 
Poſſidonius incipit 
© _ totus latet 


Ricciolus incipit 


Umbra pervenit ad Grimaldum 

Ad litus boreale maris Criſii 

Proclus immergitur 

Nubes ſupervenit, quæ lunam omnino tegit, 
diuque videtur duratura. 


'Nubes diſcedit. Jam autem ex umbra 


emerſerunt 
Grimaldus, 
Ricciolus, 
Keplerus, 
Galilæus. 


Ariſtarchus emergit 8 2 


Copernicus incipit emergere 
totus extra umbram 
Pitheas emergit 
Timocharis 8 
Archimedes 8 


Plato incipit emergere 


emergit totaliter 

Nubecula iterum lunæ aſpectum nobis 
adimit. 

Jam luna reſtituitur 

Ariſtotelis totalis emerſio 

Nubeculis identidem lunam occupantibus, 
reliquarum macularum emerſiones exacte 
obſervari nequeunt. 

Finis eclipſis, tardius fortaſſe viſus ob te- 
nuem vaporem interpoſitum 


Deſinit penumbra ſpiſſior 


Deſinit penumbra ſenſibilis. 
2 XV. 2. 


/ 
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XV. 2 T. ver. hl. t N The ſame obfe- 
. 4 33 30 Commencement de Peclipſe —_— _ 
5 6 30 Fin. | 


„ern 1,ibid. 5. 187. 


XV. 3. Nittum umbræ verz (quantum ſecerni poteſt à 3 15 40 The fame ob- 


penumbra) apparere nunc incipit in limbo lunæ, ſerved at 
in ea parte diſci quam ſecat radius à centro lunæ ductus per | N, a 
maculam Ariſtarchi. 6. . 174. 
Cum nubes redderent difficiliorem conſpectum macularum, 3 32 40 22 &E. 
curavi definire quantitatem diametri obſcuratæ ope microme- 1726. 
tri. Nune igitur latent digiti 3. circiter. Nam portio dia- 
metri AB ab umbra libera, eſt partium 14, qualium tota Fig. 106. 


June diameter eſt 18 =, 


Serenato tantiſper cœlo, umbræ limes tranſire videtur per 3 39 40 
Rheinoldum. Portio autem diametri A B ab umbra non in- 
fecta eſt partium micrometri 13. 
Umhræ limes tanto ſpatio eſt infra Grimaldum (in tubo in- 3 50 40 
vertente*gbjecta) quanta eſt diameter ejuſdem maculæ Gri- 
maldi. Tranſit quoque limes umbræ per Eudoxum & Ari- 
ſtotelem. 
AB partes micrometri g. 3 54 40 
Umbrz limes pervadit centrum maris Criſium & ſtringit 4 6 10 
tmbum maculæ Grimaldi. Portio vero A B immunis ab 
umbra æquat partes micrometri 8 f. 
Sirius ad meridianum appellit clariſſimè. 4 7 53 
Totum mare Criſium jam latere incipit, & in umbræ limite 4 12 40 
verſatur etiam centrum maculæ Grimaldi. AB eſt partium 
micrometri 8. 


AB partium micrometri 7 x. 4 20 © 


AB partium 7 = circiter. Totus Grimaldus extra umbram, 4 25 © 
& Ricciolus quoque viſitur. Limes umbræ tranſit per mar- 
ginem maris Nectaris. 


Detegitur Galilæus. 


441 O 

AB partes micrometri 8. 4 52 © 

1 Ariſtarchus incipit ex limite umbræ prodire. 4 55 30 
Centrum Ariſtarchi exit. 4 56 30 

Totus Ariſtarchus extra umbram 4 5] 30 

Centrum Copernici exit. 4 59 0 

4 Totus Copernicus extra umbram 3 2 
* Eratoſthenes exit. 5 8 30 
| Helicon incipit emergere. 5 18 50 
* AB partes micrometri 12 + 5 24 50 
Plato incipit emergere. 5 25 50 

Totus Plato extra umbram 5 26 55 

Plinius extra umbram. 5 28 20 

AB partes micrometri 14, vel 14 f. 5 33 50 


4 Vor. VI. Paxr I. D d Quare 
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The ſame 06- 
ſerved at 
Gomroon i# 
Perſia, by Mr. 
W. Saunder- 
ſon, u. 397. 
9.213 Jan. &c. 
1727. 

Eclipſe of the 
moon at Briſtol 
Oct. 10.1725. 
By J. Bur- 
roughs Ey; 
#. 392. p. 37. 
Jan. &c. 1726. 


The ſame 05- 
ſerved at Al- 
ban, by Fran. 
Bianchini, . 
396. p. 179. 

Nov. &c. 1726. 


Esalipſe of the Moon. Parr. I, 
Quare — tres adhuc latent. x bs { 
Prior limbus maris Criſium incipit prodire. 5 38 50 
Centrum maris Criſium extra umbram. 40 50 
Totum mare Criſium extra umbram. 5 44 50 


Finis umbræ vere quæ exit è limbo lunæ cirea punctum 5 48 50 

definitum per diametrum à centro ductam per Cleomedem. 
XV. 4. FA Ctober 21. 1724. O. S. at Gomroon in Perſia, the moon 
enter*d into the dark ſhadow or umbra of the earth at 
11! 33“ paſt 5 A. M. ä 
XVI. I. HE cloudy weather here prevented us from ſeeing the 
beginning of the eclipſe or of total darkneſs ; but I ob- 
ſerved pretty exactly the firſt appearance of light after the total dark- 
neſs; and the end of the eclipſe ; and their reſpective times are as fol- 
lows, viz. | Mm REES OY. 
Beginning of light 1 
End of -= clip 5 29 30 Fapparent ee 

Some ſmall time before the renewal of true light there appeared a 
remarkable brightneſs upon the eaſtern limb of the moon, which I 
am not certain how to account for; at firſt I reaſoned with myſelf in 
this manner ; that all the light which the moon has during her total 
immerſion in the ſhadow, is by rays from the ſun retracted thro? the 
earth's atmoſphere, and conſequently thoſe rays muſt be in greater 
plenty near the edge of the ſhadow than near the axis. But this does 
not fully anſwer the phænomenon, becauſe the light I ſpeak of was not 
only upon the moon itſelf (on whoſe eaſtern limb there was a manifeſt 
increaſe of light as ſhe approached the edge of the ſhadow) but it was 
alſo diffuſed about the edge of the moon to a ſenſible diſtance, which! 
would certainly have meaſured if I had had proper inſtruments. And 
if others who are more ſkill'd in theſe affairs have, made the like 
obſervation, -I ſhall no longer doubt of the moon's having an atmo- 
ſphere. | P.M. 
XVI. Orologiis pendulo inſtructis & per dies plures h. 

ad meridiem verum exactis utebamur. 

Occaſum ſolis ſpectare hodie non licuit, nubibus occupan- 
tibus occidentalem horizontis plagam. 

Nubibus pariter orientalem tractum obſcurantibus in lunæ 
ingreſſu in umbram, tam pertinaciter auſttalis ventus novas 
cogebat, ut per totum tempus immerſionis integri globi lunaris 
in umbram, vix ter aut quater, idque raptim tubum opticum 
in eum dirigere datum ſit. | 

Circa hoc tempus umbra videbatur ad centrum lunæ per- 6 15 © 
tingere. Sed cum maculæ diſtinctè definiri non potuerint 
breviſſimo illo ſpatio temporis, quo per nubium intervalla 
diſcus lunaris detegebatur, præcisè noſcere non valemus hanc 
ipſam phaſin digitorum ſex lunaris diametri obtectorum, li- 
cet paulò abludat à minuto 13, poſt hotam ſextam à meridie. 3 

| | Otalls 


* 


Cat. IV. Eclipſes of the Moon. 


Totalis immerſio ad hoc circiter minutum temporis refe- 6 
renda eſt, quantum ſpeCtare licuit ex duobus aut tribus mi- 
nutis horariis, quibus lunam vidimus ſatis diſtincte. Verùm 
ſecunda temporis definire quibus umbra vera totum diſcum 
obtinuit, permiſſum nobis non fuit à nubibus ſuccedentibus. 

Poſt immerſionem totalem diſcus lunæ apparebat ab atmo- 
ſphæræ terreſtris radiis refractis rubeſcens, dilutiori tamen 
colore in ea parte limbi, quam poſtremam ſol deſeruerat. 

Inducta poſtmodum ſerenitate, licuit obſervationes emer- 
ſionis perficere. | 

Subalbicat diſcus lunæ in limbo proxime illuminando. 8 
Nondum tamen lux direCta ſolis diſcum attingit. 

Clarior adhuc fit Iimbus lunæ; ſed nondum excedit ab um- 8 
bra vera. | 5 

Nunc primùm limbus lunæ incipit lumen recuperare in 8 
parte circumferentiæ ſita inter maculas Grimaldi & Galilæi: 
quæ maculæ adhuc latent. ft 

Limes illuminationis attingit primum limbum Grimaldi. 

Totus Grimaldus extra umbram. 

Galilæus emergit ex umbra. 

Ariſtarchus incipit emergere. 

Totus Ariſtarchus emerſit. 

Prior Copernici limbus incipit illuminari. 

Totus Copernicus extra umbram. 

Totus Plato emerſir. | 

Prior limbus Tychonis incipit emergere. 

Totus Tycho extra umbram. "To 

Subtenſa arcus CAD, & CFD per micrometrum explo- 8 
rata eſt partium micrometri 22, qualium lunæ diameter eſt 
24 in tubo palmarum undecim Rom. AB vero eſt partium 12. 


o o O O οο Oο οσ O O 


Menelaus 25 exit. (25 eſt numerus maculæ aſſignatus in 9 2 0 
lunæ imagine, à Pariſienſi academia edita.) 

Macula clarior ſita ante Plinium exit. 93 060 

Hermes ab umbra prodit. 9 6 Oo 

Plinius emergit. — — — — 

Incipit emergere Poſſidonius 27. 9 16 o 

Maris Crifium limbus prior emergit. 9 18 0 

Totum Mare Criſium. 925 © 

Langrenus 39 exit. — — — — -- 0:38. 0 

Umbre extremum in limbo lunæ adhuc videtur. 9 24 30 

Finis umbre verz. — * my 9 25 90 
g XVI. 3. I Nitium veræ ums = 2 0.49 0 28 
> Grimaldum — — o 51 O Pekin. ByIg. 
5 Ariſtarchum — — o 55 30 Kogler,n.405. 
p Keplerum — — — 59 O p. * Nov. 

D d 2 Mare 
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EFF 


59 © Fig. 107. 


204 Eclipſes of the Moon. 


Mare humorum — — 
Gaſſendum — — 
Sinum Irid. & Morinum — — ru 
Coperniſum —— —— — ſi 
_ I Bullialdum — — —— 
85 Eratoſthenem — — — 
Platonem — — ä — — x 
g | Tychonem — — — 
EZ J Aratum, toto Tych. obtecto ——ͤ 
2 | Manilium — — 
& | Menelaum — — 
S 8. Dionyſium 6— — 
Plinium — —äͤ— 
Poſſidonium — 
| S. Catharinam — 
S. Theophil. & Cenſorin. —— 
Paludem ſomni — — — 
Proclum — —— 
| Toclenium, & tit. or. Mar. Crif. — 
Lit. Occid. extremum Mar. Crif. — 
Langrenium — 
Immerſio totalis propè nod. occid. — 
Receptio 1 lucis ad nod. orient. 
Emergit Grimaldi margo orient. —— 
| Ejuſdem margo occident. — 
Galilæus — — — 
Ariſtarchus — — 
| Keplerus — — 
Litus orient. maris humorum — 
Gaſſendus — — ; 
£ | Plato —_—_— — — 

I |] Timocharis — — . i 
| Tycho totus — — ] 
+ < Sinus æſtuum totus — c 

Manilius — —' c 
| Menelaus —— 
= | Poſſidonius, & Endymion. — 
P linius 7 — 
Cenſorinus — — 
pa ſomni — 
Litus Or. Maris Criſ. — 
Litus Occid. extremum — 
Langrenius —— n 


\ 
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ww 


que Hevelium ſignificat. 


Temp. ver. corr. 
Incipit penumbra ſenſibilis limbum lunæ ad ee 8 


inficere. 


Spiſſior apparet —_ _ m— — — 14 46 0 
—_ — — — 14 56 © 
mbra Terræ quantum diſcerni poteſt ad eundem lim- 


bum pertingit.— 
Schikardus in umbraa — 
I. Digitus obumbratu. — — — 5 4 53. 
Umbra ad Kriſtmanumnü— — — 1; 8 4 


Immergitur 


— 1 57 20 
— — 3 50 
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 Finiseclipſis circa nodum occid. — 4 26 © 
Horologium correctum per culminationes Palilicii & . ſtella- 
rum Orionis. Diameter Lunæ e — ante & poſt _ 
ſim dimenſa 32 307 proxime. 
Temp. Appar. 
kt... „ 
XVII. 1— 16 16 44 Enumbra diluta. Eclipſe of the 
18 54 Penumbra denſior moon at Leds 
21 19 Umbra ad lunæ limbum. Ott. 10. 1726. 
31 35 Attingit mare humorum. . * 
35 47 Attingit Grimaldum. p. 158. — 
38.34 Diſtat a Tychone diametro Tychonis ipſius, & fic 3 
Grimaldum tegit tertia n grimaldi parte 
50 40 Fereattingit Pitatum. . 
17 3 41 Lansbergium te 
7 45 Attingit Reineldum. 
15 56 Attingit F racaſtorium, & Galileum. 
28383 Attingit mare fœcunditatis. 
39 6 Umbra proxima eſt ad Reinoldum, tegitque 
partem tertiam maris fœcunditatis. 
. Grimaldus emergit. 
54 53 Grimaldus jam diſtabat ab umbra diametroma- 
Jore ſui integra. 
18 5.44 Gaſſendus totus modo extra ombram, mare foe- 
cunditatis dimidia circiter parte detectum, 
inter dehiſcentes nubes videbantur. 
Que nubes ad finitotem deinde coactæ occiduam 
cæli partem penitus obumbravere ; neque luna 
| poſterius apparuit. | 
XVII. 2. Acularum nomina ex Selenographia P. Grimaldi ex- The ſame i. 
cerpta ſunt, quam P. Ricciolus ſuo Almageſto novo e f. 
inſeruit ac nominibus locupletavit. In eorum verò commodum, qui _— —4 
Hevelianam ſequuntur Nomenclaturam, ſynonymas quoque voces, 400. p. 338. 
ex hoc authore deſumptas, ſecundo loco apponam, præpoſita litera H, Oct. xc. 1727. 
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Eclipſes of the Moon. . Parr. I. 
| 2 Temp. V. cor. 
Immergitur totus— ::? — 15 913 


Merſenius latet : Littus orientale maris humorum' 


incipit obumbrari: H. Sinus Sirbonis ——— — 315 9 50 
II. Digiti latent — — =— —— 5; 1} 0 
Capuanus immergitur — — ᷑— — 15 13 36 
Ad Grimaldum pervenit umbra : H. Pal. Mareotis 15 14 54 
Gaſſendus incipit oburmbrari —— —— — 15 17 34 
Incipit Tycho: H. Mons Sinai. Grimaldus laret. — 15 19 46 
Tychonis medium tenet urnbra. —— —— 15 21 0 
III. Digiti. Tycho totus immergitur — 13 21 53 
Morinus : H. Caſſius. ;; — —— 15 23 5} 
Bullialdus H. Inſula Creek — — 15 25 20 
Profatius incipit obumbrar i — — — 13 30 5! 
IV. Digiti — — — — 15 31 4 
Profatius latet. — — — 15 32 40 
V. Digiti — — — — 13 2 0 
mbra tantum non attingit Galilæum, quem prop- 5 
ter diutiſſimè verſatubß . — —— $15 1 
Ad Snellium, & Fornerlum pervenit umbra — 15 £3 20 
Ad Fracaſtorium. Snellius & Fotnerius latent — 15 55 39 
Fracaſtorius totus in umbra — — 135 58 3 
VI. Digiti — 16 3 4 
Sinum Æſtuum tangit umbra : H. Mare Adriaticum 16 6 13 
Medium Vendelini!ñ«?7 ð —— 16 8 22 
Totum Mare Nectaris in umbra. H. Sinus extremus 16 14 40 
Grimaldus incipit emergere — 16 15 51 
Ricciolus extra umbram 16 16 18 
Grimaldus totus — — 16 23 30 
Umbra ad Langrenum — — 16 24 27 
Gaſſendus reſtituitur — — — 16 43 34 
V. Digiti deficiunt — — — 16 47 2 
Bullialdus incipit emergere —— — 16 51 57 
Totus extra umbram — — 16 53 47 
Kriſtmanus incipit — — 106 54 7 
Item Schikardus —— — 16 58 0 
IV. Digiti. Totus Schikardus — — 70 59 27 
P Piratus totus — — ä — 17 3 30 
III. Digiti — — 17 9 20 
Tycho mncipit emergereꝛqx — 17 10 5 
Tychonis medĩum extra umbram — 17 11 49 
Tycho totus emergit — — 17 12 40 
Fracaſtorius totus — — 17 14 20 
II. Digiti x — — 17 18 4 
Snellius emergit — — 17 25 43 
5 "= I. Digitus 


. 


A 


— 0 


4 
6 
0 
3 
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cu IV. Felten of, the Moon, 


Fornerius extra umbram — 7 7 35 
Extremus limbus lunz qui ad Africum ſpectat vide- 
tur proxime emerſurus — — 17 32 50 
Jam lunæ diſcus integer apparet, ac prainde finis 
eclipſeos | 23 3© 


h 4 4 


Adhuc denfiori penumbra ptædictus limbus inficirur 17 38 0 


Deſinit penumbra ſenſibilis, ſuæque luna claritati 
omninò reſtituta apparet — — 717 54 0 


Ex obſervatis initio ac fine eclipſeos colligitur ejus h. 
duratio k — 2 39 10 
Medium verd ſeu maxima obſcuratio. — 6 15 25 
Quantitas Micrometro diligenter inveſtigata, Dig. 6. 
min. 10. w—n—_— 
Terreſtris umbra in hac eclipſi tum malè terminata, quod in cæteris 
lunæ eclipſibus contingere ſolet, tum etiam ſubluſtrior atque alias viſa 
eſt. Difficilior proinde veri initii finiſque inveſtigatio fuit; nec ſuo 
carituras arbitror diſſidio diverſas aſtronomorum obſervationes qui ſci- 
licet in eodem penumbræ termino definiendo perquam rarò conveniunt z 
ac tum vel maxime quando nulla terreſtris umbræ portid in diſco lunari 
verſatur, uti nulla verſari incipiente eclipſi vel deſinente poteſt. Reli- 
que vero phaſes facilids ac citra ſenſibilem errorem determinari potu- 
erunt, comparatione habita inter umbram veram ac ſpiſſiorem penum- 
bram. Equidem ut rectitudini obſervationis quoad fieri poterat, dili- 
gentiſſimè conſulerem, plura ſub eclipſeos initium plura ſub ejus finem 
momenta temporis adnotaviz quorum ea tandem vero initio ac fini ad- 
ſcriphh, que utrique maximè congruere ex pluribus circumſtantiis de- 


prehendi. | | 

XVIII. Horol. corr. ON multo ante eclipſim dimenſa diameter 
„„ lunæ erat 30 30“. 
10 54 © Penumbra jam inficiebat partes lunæ primo in- 


- umbrandas. 5 5 a 
11 2 © Initium eclipſis paulo infra Cleoſtratum. 
13 o Umbra attingit Ariſtarchum. 
14 30 Obtexit totum. 
15 20 Attingit Platonem. 
16 50 Obtexit totum. 8 
22 20 Attingit Galilæum & Timocharim. 
23 20 Pitheam. See 
26 30 Keplerum. | 
27 30 Arxiſtillum. We 
31 30 Hevelium, Copernicum, & Endymionem fere ſimul. 
36 20 Ricciolum. 
38 15 Poſſidonium. 
Grimal- 
1 
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Eclipſe of the 
moon at Pekin 
Auguſt 19. 

1728. by — 
1. 414. Pp. 368. 
May, &c. 1730. 


205 ed the Moon. Parl. 
155 h. ' i - 


1 40 honed | | | 
43 40 Menelaum, _ | 
47 © Plinium, & Geminum. 
52 0 Umbra ad centrum lunæ, obtecto Grimaldo toto, 
54 20 Attingit mare Cri- Grimaldi apice auſtrali he- | 
56 40 Ariadzum Tr. rente ad marginem um- 
57 O Proclum | bræ. | 
12 © © Culminante luna rea per medium Tychonem 
tendens inter Munoſium, & Profatium ad Co- 
pernicum coincidit cum plano meridiani. 
2 30 Umbra attingit promontorium 
acutum, | | 
4 30 Cenſorinum & Tarantium, =, <2 admo- 
6 O Mare Criſium totum obtectum, 1 
15 30 Umbra attingit S. Theophilum, 
16 © S. Cyrillum, 4 
21 30 Langrenium. Grimaldo integre emerſo. 
25 15 S. Catharinam, Ricciolo toto retecto. 
31 © Circa medium eclipſis micrometro dimenſa quan- 
titas obſcurationis erat Sinice digit. 6 f ferme, 
ſive more Europæo digit. 7 f. 
34 o Emerſit Hevelius totus. 
36 o Umbra ad E racaſtorium. 
SENS? © Ae a= Ah 
4460 30 Lanſbergius 
52 © Keplerus 
13 1 O Ariſtarchus 
2 o Copernicus incipit emergere. 
5 © Totus detegitur, 
10, o Margo umbrz per centrum lunæ. 
11 30 Pitheas emerſit. 
15 o Eratoſthenes & S. C Cyrillus detecti. | 
20 © Timocharis & S. Theophilus detecti. 
22 20 Ariadzus 
25 O Manilus 
29 30 Ariſtillus 
32 o Plato \ 
33 © Cenſforinus _ 
34 © Promontorium acutum. 
38 o Plinius, & Langrenius integre detecti. 
14 o © Finis eclipſis proxime Beroſ am. 
In fine eclipfis diameter lun inventa eſt 300 38 “/. 
1 


— detesti. 


integrè emerſerunt. 


Durante 
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Durante eclipſi ſæpius addenſati vapores turbabant faciem lune, ut 
ejus maculæ & umbrz margo non ſatis diſtinctè poſſent diſcerni z maxi- 
me id accidit ante, & circa finem eclipſis. 


XIX. 1. Aving had a fine obſervation of this eclipſe, I have ſent Eelip/e o the 
it to aſcertain the longitude here and in other places Nm Nw 

where it was obſerved. The obſervation was made by a nine foot glaſs. Crrickfe 

Having adjuſted a-monthly pendulum clock by a meridian line on the is Ireland, 


zoth of Jan. and further corrected by the meridian, Feb. 6. 1928-9, Feb. * 28. 


A 
Apparent Time. - ths 2 4 > 
: EM goa, 


P. M. 6 27 © Penumbra obſerved. 
29 30 Moon's limb immerged. 
: 33 © Eaſtern limit of Palus Mareotis imm g 
0 35 50 Mons Climan. immerged. 
42 40 Mons Porphyrites immerged. 
50 © Inſula Melis immergec. 
52 40 Mons Etna immerged. 
54 20 Inſula Sardinia immerged. 
56 20 Inſula Rhodes immerged. 
; 58 © Inſula Corſica immerged. 
y 7 © 30 Mons Sinai's eaſtern limit immerged. 
2 © Mons Sinai totally immerged. - 
6 50 Inſula Beſbicus, eaſtern limit immerged. 
11 50 Mons Herminius immerged. 
13 50 Promontery Archeroulia immerged. 
22 © Mare Caſpium, eaſtern limit immerged. 
24 20 Palus Mzotis, eaſtern limit immerged. 
27 30 Palus Mzotis totally immerged. 
30 15 Moon totally immerged. 
9 8 30 Moon's eaſtern limb emerged near Mons Acabe. 
13 O Te _— emerged. 
15 O Mons Climan. emerged. 
23 30 Mons Porphyrites emerged. 
29 10 Mons Sinai emerged. 
33 30 Mons Etna emerged. 
49 © Inſula Beſbicus emerged. - 
1 © Mare Caſpium, eaſtern limit emerged. 
5 o Palus Mzotis Z : 
10 o A penumbra obſerved, the moon's limb emerging. 
11 © The limb evidently emerged. 


From the beginning to the end of the eclipſe 3˙ 44 
Totally eclipſed =— 1* 38! 2541 


10 


It Vor. VI. Paar J. E e XIX. 2 Initium 


210 


The ſame ob- 
ſerved at 
Rome = 
communicated 
by J. B. Car- 
bone, ibid. 


N 


The ſam obſer- 
ved at Paris, 
* 
y the ſame, 
ibid. p. 171. 


Eclipſas of the Moon. 


& diameter 


P.M. T.v. 
Nitium eclipfis 7 44' 22 ey 
Immerſiones | 
Grimaldi 7 46 16 
Kepleri 48 8Kicciolii 
C Initium 54 20 Gri- Flnitum 
Oper J Medium 54 46 maldi TFinis 
nici (Finis 55 10 Arif- I Initium 
<a Intium 8 11 57 | tarchi XFnis 
„ Medium 13 7 Ty- Initium 
n 7 Finid 13 48 | chonis & Finis 
Manilii 19 of Heli- Initium 
Menelai 20 5a conis C Finis 
Dionyfii 23 of Phto-Flnitium 
Pliniz 25 44 nis TFinis 
Maris tran- 74 — 31 6 Ariſtotelis 
quillitatis ius 33 1 Menelai 
Procli IInitium 34 41 Maris ſe- { Medium 
Finis 35 29 renitatis X Finis 
Maris (Initium 36 1 Poſſidonii 
Criſi- Cleomedis . 
um Finis 39 44} Maris Cri- I medii 
Lune totalis um totius 
Immerſio 43 17 Finis eclipfis 


Parr I. 


iin 


IO 21 33 


is 


11 20 41 


Eodem die diſtantia meridiana centri folaris a vertice non correcta 


per refractionem obſervata eſt 35 9“ 31"! in gnomone, cujus meridia, 
nam ellipſis ſolaris in 


FM. h. * 


mn 


. — 


pertranſiit tempore 27 15" 


tri partes 2945 intercepit, quarum 
luna paulò ante eclipſim obſervata intercepit 2903. 


Obſervationes habitæ fant tubo optico pedum Romanorum 8 +. 


XIX. 3.— 2 1 @ Penumbra denſa. 
2 332 Penumbra denſtſſima. 


7 3 F Echpſis initium ex aliis ae | 


7 8 50 Galilæus © 


bregicar. 
14 o Umbra ad Ariſtarchum. 
15 4 Ariſtarchus torus in umbra. 
16 44 Keplerus obtegitur votus. 
19 4 Umbra ad Gaſſenduns 
19 20 Schicardus tectus omnind. 
22 © Umbra ad Reinoldum. 
22 40 Ad limbum Copernici. 
23 43 Erathoſtenes obtectus. 


27 2 Helicon totus. 
31 50 Umbra ad limbum Tychonis. 
23 8 Tycho dimidius in umbra. 


25, us Copernicus. totus in umbra. 


2 See neee eee een ww Go\D eo -y wo — 


„„ 
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1 


33 30 Ad limbum præcedentem Platonis. 
33 47 Plato in umbra totus. 


39 20 Manilius totus. 

41 45 Umbra pervenit ad Menelaum. 

42 35 Ad Menelai dimidium. 

45 22 Ad Plinium. 

49 47 Ad præcedentem Fracaſtorii limbum. 
50 30 Ad promontorium acutum. 

51 24 Umbra tegit Fracaſtorium. 


54 30 Pertingit ad Proclum. 


10 


55 16 Proclum tegit totum. | 

56 17 Ad limbum maris Caſpii. 

58 56 Ad dimidium. | 

59 © Ad limbum Caſpii ſequentem. 
2 © Finis dubius. 
3 © Finis certus. 

41 18 Emerſionis initium. 

41 33 Grimaldus incipit. 

45 40 Grimaldus emergit totus. 

49 35 Galilæus. 


55 16 Ariſtarchus mg | 


35 Keplerus totus, 

30 Primus Tychonis limbus. 

30 Dimidius Tychon extra umbram. 
30 Emergit totus. 

40 Lan ius & Reinoldus. 

19 Incipit Copernicus. 
43 Copernicus totus. 
33 Emergit Eratoſthenes. 

o Totus Helicon. 

56 Plato incipit. . 

15 Totus extra umbram, 

20 35 Manilius incipit. 

21 28 Totus emergit. 

23 50 Menelaus. 

27 25 Plinius. 

30 19 Dionyſus, | 

31 © Promontorium acutum. 

36 15 Proclus. 

37 26 Incipit mare Caſpium. 

41 24 Finis dubius. 

42 © Finis certus, E e 2 XIX. 4. 


wu G&mwpP =» © © 0 


„ „ 
> 8 
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The ſame 06- 
ferved at Pa- 
dua by G. Po- 
leni with an 
excellent glaſs 
of 7 Paril. feet, 
ibid. p. 173. 


The ſame ob- 
ſerved total at 
P ckin, by — 
* 
Bap. Car- 
bone. 4 16. 
p. 460. Nov. 
Kc. 1730. 


* Eeligfes of the Moon. - Parrl 


Temp. appar. 


IX. 4. m. 
* Rt 6 


7 44 40 Umbra attingit 


Grinalduns, 


7 45 40 Grimaldum tegit totum. 
7 30 53 Attingit mare humorum. 


7 53 26 Tegit Maris humorum dimidiam partem. 


8 19 34 Tegit Menelaum. 

10 Cooperit totum mare 

Per dehiſcentes nubes luna admodum rubicunda 
obſervari poterat perſpicue adeo, ut non me- 
minerim alias in totali immerſione tam clare 


8 38 


9 26 


10 26 45 


10 31 40 Dimidium mare humorum diſcoopertum. 


Criſium. 


— 


Bſervationem initii defectus nubes denſæ im. 
pedivere 


lunam apparuiſſe; quod ita fortaſſe viſum eſt 
ob atram obſcuritatem, quam circumpoſitæ 
denſe nubes efficiebant. 
10 15 6 Umbra dilui incipit è regione proximæ emerſionis. 
Grimaldus jam emerſus ab umbra diſtat tota fere 


ſua tranſverſa dia 


metro. 


10 38 45 Tycho totus emergit. 


10 50 12 Apparet Eratoſthenes. 
11 13 27 Promontorium Somni totum 


11 19 45 Luna infici videtur ſola penumbra. 


11 20 56 Finis etiam penumbræ. 
Ota illa nocte continenter m 


XIX. 5. 


merſionis: ſub emerſionem enim paulatim cœ 


diſcoopertum. 


odicè ningebat, cœlo ta- 


men ſic tenuiter nubilato, ut lunares maculæ ſæpius 
utcunque diſtingui poſſent; quanquam rarius ac difficilius tempore im- 


circa finem jam penitus innube exiſteret. 
Horologium correctum fuit per altitudines Arcturi & Aquilæ, item 
ex culminante ſpica Virginis ac Lance borea Libræ. Diameter lunæ 


initio eclipſis micrometro dimenſa, 


- 


pſis contra Hevelium. 


taliorem. 


v_ cum centro lunz Pythagoras & Helicon. 
„ ofe of 4 ä 
2 38 go Initium ecli 

41 0 Grimaldum. 

42 30 Qui totus immerſit. 

43 © Galilæum. 

47 O Ariſtarchum. 
48 30 Umb. ad | Keplerum. 

50 © Gaſſendum. 

58 © | Copernicum. | 
3 Sinum æſtuum orien 

9 © Tychonem. 

17 30 Menelaum. 


lum ſerenatum fuit, ut 


erat 32 0“. Erantque in linea ver- 


Poſſido- 


AX. 1. 


Char. IV. 
1 11 


h. 
9 
4 


9 0 Umb. ad 


32 0 


35 30 Umb. ad 
wt» 
5 17 10 


$3 © 


22 28 


28 0 
30 35 
36 40 
37 20 


40 35 


46 28 
48 30 
50 0 
53 50 
55 20 
57 15 
58 45 
£9 10 


6 0 50 


2 30 
2 50 
5 45 
10 O 
09 
13 10 
13 30 
16 30 
17 40 
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- Pollidonius rotus in Umbra. 
Fracaſtorium. 
Ferrer | 
Mare Criſium. 
Langren. 
Immerſio totalis bens * rn & mare Criſium. 
Emerſio prima lucis infra Grimaldum. 


Grimaldus prodire incipit. 
Totus emerſit. 


Emerſit Gaſſendus. 


Keplerus. 


Umbra per centrum Tychonis. 


Totus produit. 

Prodiit Copernicus. 
Plato incipit emergere. 
Totus — 


Sinus æſtuum. 

Architas. 

Manilius. 
Emerſere 


Ariſtoteles. 
Menelaus. 
Ariadæus. 
Fracaſtor. 
Reſtat in umbra + diametri Lunæ. 
Plinius. 
Poſſidon. Vitruv. & Cenſorinus. 
Taruntius. 
Proclus. 
Langren. totus detectus. 
Mare Criſium incipit emergere. 
Totum prodiit. 
Finis eclipſis contra mare Crifium, exiſtente tum 


in linea verticali per centrum lunæ Oenopide ac Heraclide. 


h. " 


Lum ſub Grimalds: mane temp. Europ. — © 1 30 


Galileum — 0 45 Total «li 
Umbra tangit 3 Ariſtarc hun —ñ— © G - ee 
Kepleum — — 011 0 28 
Poſtea anbis 2* By . P. Was. 
Tegitur mare Criſium dimidiu m —— — 0 54 o ler, . 410, 
M. Criſium totum — — ; o 74 July, 
Immerſio totalis — — — 1 1 © ws 
Emerſio— — — — 240 30 
a Galileus 


8 
.* . 


Exeunte umbra inter Langrenium & Petavium. 
Ti emp. appar. 9 3 
% i 


The ſame ob- XX. 2.—0 o 28 TNitium umbræ ad lunz limbum. 


ſerved at Pa- 
dua, by S. G. 
Poleni, ibid. 


p. 176. 


13 55 1 Umbra tangit Copernicum. 
15 49 Hunc totum tegit. 

22 24 Attingit Tychonem. 

24 14 Totum Tychonem cooperit, 
28 40 Attingit Manilium. 

30 15 Hunc totum cooperit. 

33 2 Menelaum tangit. 

34 22 Menelaum omnino cooperit. 
49 10 Attingit mare Criſium 

54 56 Mare Criſium totum cooperit. 
58 48 Totalis Immerſio. 


2 37 38 Lux in lunæ margine. 


41 20 Grimaldus extra umbram. 

3 4 15 Mare ſerenitatis emergere cœpit. 

6 16 Tycho totus emergit. 

7 28 Manilivs totus diſcoopertus. 
10 20 Menelaus extra umbram. © _ 
13 58 Mare Serenitatis rotum emerſit. | 
21 48 Promontqrium Somni jam extra umbram. 
23 10 Mare Criſium incipit emergere. 


Parr 1. 

hh, ov 

Galiless— — — £2 43 30 
Ariſtarchus— — 2 45 0 

Keplerus . — 2 49 0 

Emergere incipit a Copernicus —_— — 2 54 45 
| Plato — — — 2 35 30 

7, 0 Ig } 06 — — 3 1 30 
eee — — 314 
Emergit totus Tycho — — 3 8 30 
Menelaus — nnn 1-20 

Emergere 2 — — 313 0 
Cleomedes —3 18 0 

M. Criſium & una M. Nectaris 2 3 23 30 
M. Nectaris totum emergit — — 3 29 0 
M. Criſium totum emergit— — $3 31 30 
Incipit emergere Langrenius—— —— 3-34 30 
Finis — — — 0 


25-28 J Totum mare nectaris extra umbram, & dimidium 


mare Criſium. 
29 © Mare Criſium integrum apparet. 
33 20 Langrenius extra umbram. 
38 8 Finis Emerſionis ab omni etiam penumbra. 


Eclipſis 


| 
| 
| 
| 
ö 
ö 
) 
) 
) 
) 
) 
0 
0 
0 
0 
0 


CHa. IV. 


v 
P. M. _ er 


XX. 3—11 


12 
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56 52 Cliphis ce certè e Me ſas 2 


11 33 Initium Copernici. ' 5 
= 2 56 JO trum Copernic, ſed ex altera determinatione Pte ra 


2! citids. en a 5 = og 
21 
19 46 n ho ex al terminatione 23 
20 54 Medium Tichonis. 
21 43 Totum Tychonem. 
23 -43 Initium Platonis.. 
24 2 Medium Platonis. 
25 23 Totum Platonem.. 
25 55 Inſula in Sinu medio. 
27 35 Totum Manihum. 
29 35 Totum Ariſtotelem. 
32 7 Totum Menelaum. 
35 O Totum Plinium. -- | | 
38 49 Promontorium ſomni. * | ! 
39 -26 Promontorium acutum. | 
44 16 Totum Fracaſtormm. 
45 42 Totum Proclum. 
46 59 Initium Maris Criſkam. 


49 47 1 Maris Crium, ied EX alert determina. 


4/7 citids.-- = 
52 19 Totum Maze Criſmm. 
53 6 Totum-Petavium-- 


12 55 54 Totalis immerſio Lunz. 
14 34 25 Initium emerſionis dub. 


15 


50 42 Totum Platenem. 
52 4 TotumCoperni 


37 30 Initium Grimaldi. 
38 20 Totum Galileum.-- 
38 28 Totum Grimaldurr. 
2 45 Totum Ariſtarchum. 
44 4 Totum Keplerum-- 
48 33 Initium Platonis. 
49 = Medium-Platonis:- 


55 32 Totum Bullialdu m. er 
r 56 Initium Tychonis: mn 
2 36 Medium Tychonis. ** N 
3 30 Totum Tychonem. 

4 30 Totum Manittum, © 
7 47 Fotum Menelaum. 
+1 2 *Fotum Dyoniſiuns. 

11 37 Totum Plinrum. 


18 53 Promontorium acutum. Initium 
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The fans. 1. 
ſerved in the 
Roman Co/- 
lege of the Je- 
Suits, 4 
ibid. p. 217. 


h. , oY 


15 20 30 Initium Maris Criſium. 
20 59 Totum Proclum. 

23 34 Medium Maris Criſium. 

15 35 00 Finis Eclipſis. ö 


Pakr I. 


| LS MY 
ict iron 3 Imenetfiones. „ 

XX. 4. 3 ad y limbum — — 12 OI o0 
Initium — — — O7 49 

Kepleri, Medium — — — og 04 
Finis — — — O9 50 

Initium — — — 15 O0 

Copernici, Jun — — — 16 26 
Finis en nige — 17 00 

( Clnitium, — — — 17 11 

Heraclidis, Medium — — _ 17 27 
Finis — — — 17 40 

C Initium — Nel = 22 26 

Heliconis, Jean — — — 22 41 
Finis — 3] an — 23 07 

Initium — 14 1 oe 23 50 

Tychonis, Haan — — — 24 41 
| Finis — — — - 25 25 
N17 12 Initium 8 — — * 28 43 
Platonis, Joon — — — — 29 14 
Finis A 1) ei; |; reed? Cade 29 50 

Initium — — — 31 05 

Manilii, Fele — — — 32 00 
Finis — — — 22 45 

Initium — — — 35 04 

Menelai, Medium — — 2 35 45 
Finis — — 1 * 36 08 

Initium ET 101 - © $1.37 

Maris Criſium, Medium — — — 54 10 
Finis — — | 56 08 

Totalis immerſio ' — —— =, — 1-13 00 16 
Emerſiones. muse Wer. Do, I 

Lux ad y limbum nemo Irmo 14 38 24 
Grimaldi finis — —— —— ͤ — 43 24 
Kepleri finis — — — — 44 34 
Initium — — — — 46 14 

Heraclidis, Medium — — — 46 54 
Finis — r * 47 24 

Initium — 1 1: — 49 10 

Heliconis, Medium = — {= — — 50 04 

Finis — — — — 50 44 

100 Initium 


erer 1 


as. he — — 8 1 at @ 


a _ yy by SS Sus td tans A tec AY Sina} u@_ tr oS Sos 


WW 
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EL da. 
Initium — — — 14 51 24 
Platonis, Jim — — — 52 09 
Finis — — — 52 44 
Initium — — 15 07 05 
Tychonis, ion — — O7 13 
Finis — — — o8 18 
Initium — — 26 39 
Maris cen. ö — — 28 38 
Finis — — 31 51 
Totalis emerſio — — — — 38 oo 


Obſervationes habitæ ſunt teleſcopio pedum Romanorum q, aere 
innubi ſed vaporoſo, ita ut circa eclipſis finem limbus lunaris tremere 
videretur. Diameter lunæ horizontalis capta 15 h. 46“ intercipiebat 
micrometri partes 2934, quarum verticalis lunæ diameter comprehen- 
debat 2877, at ſolis diameter die præcedenti viſa eſt occupare partes 


2830. | h. 17 
Tempus immerſionis — — — 59 16 
Tempus emerſionis — — — 39 36 
Mora in tenebris — — — 1 38 08 
Duratio eclipfis — — 3 37 00 

Solis meridiani refractione omiſla tangentes in Auguſti 448 190 

gnomone, cujus aperturæ horizontalis diameter) / u 47040 


190000 1 047731 


| XX. g. J Took care to late a very good clock, and brought it The ſame ob- | 
_ I to true time 0.071 days before the eclipſe. On the day e in Bar- 


about 30 degrees to the right-hand of her vertical point. At 9 h. 31 m. 
ſhe emerged out of the ſhadow, 79 or 80 degrees to the left of her na- 
dir- point. At 10 h. 50 m. the eclipſe ended, 88 degrees to the right of 
her vertical point. In this and all the other obſervations I made of both ' 
ſolar and lunar eclipſas, during ſeveral years I have been in Barbadoes, 
I found that they always happened 10 minutes ſooner than my compu- 
tation; whence I conclude that that iſland lies two degrees and a 


more weſterly than is generally ſuppoſed. — 2, Fay 
Temp. ver. F. N, bon, Feb. 2. 
XXI n = anda Fat b 
„13 25 © cipit penumbra ilis . Car- 
40 0 1 He ſpiſſior. e 1 463. M. 
58 o Fit ſpiſſiſſima. NN. de, 1740. 


Vor. VI. Pazrt I. Ff , 14 3 45 Du- 
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GS 
14 3 45 Dubitatur de eclipſis initio. 
4 32 Nunc certo incipere videtur. 
q diſcus lunz apparet deficiens. 
„ LO 2h : 47 Umbra attingit plagam borealem terræ pruinæ. 
10 29 Pervenit ad Harpalum. 
11 6 Medium Harpali tenet. 
16-15 Attingit litus boreale Sinus Iridum. 
18 34 Heraclides totus tegitur. 
22 38 Plato -incipit. - 
; 23-50- Medius Plato latet. 
224 54 Totus Plato obumbratur. 
229 40 Umbra ad Ariſtarchum. 
31 55 Ad medium Ariſtarchi. 
33 42 Totum Ariſtarchum occulit. 
TERM 34 55 Ariſtoteles obumbrari incipit. 
36 24 Medius Ariſtoteles tegitur. 
01 07 37-49 Ariſtoteles totus-in a] 
ON 29--9 Eudoxus totus. -- 
| 43 57 Umbra attingit 8 & Ariſtillum ſimul, 
4 © 4383 Medius Endymion, & totus Ariſtillus latet. 
443 48 Endymion totus. 
GN 48 #7 Timocharis totus 3 umbra pervenit glows: maris 
4 - Ps .. ferenitatis. 
1 55 50 "At lacum ſomn. 
; 56 30 Ariſtarchus incipit emergere. 
ped 1 1 58 20 Medius Ariſtarchus extra umbram. * 
aud ni ve 6 Lo 25) o 34 Ariſtarchus totus emergit. 
Kane 1 4 25 Poſſidonius incipit obumbrari. 


: 


DN . S1 : ey 35 Lacus ſomn. un, & dimidium Foff deni gern 
2 ol Ein 22 12 2 tatur. {1 11 t Pr © 1A WO E207 
EU then 13 12 Timocharis incipit emergere. 
16 5 Timocharis emergit totus; . totus Poſſidoniu 
| occultatur. | 
Woe t 27 54 Archimedes totus extra umbram. - 
10 26.91 2367 804 Poſſidonius incipit a "7 
FR 32 58 Heraclides totus. ola nf 
_—_ 34 3 offidonius totus. 
3 9 40 46 Harpalus totus. ; e 
W OP 1 21. Platonis initiumm. 
Wa 24% © 16 Platonis medium. 
1 48 33 Plato totus extra umbram. 
opp 50 55 Lacus mortis totus. 
2 {1 52 37 Ariſtoteles incipit 
TESTS | 54 29 Ariſtoteles medius extra umbramm. 
tee. th 58 A et: —_ TS | 
LEES EL * 8 4 1 1 18 En- 


« Ts . 
ae. > Y 1 


: 
— * 


- % _ 


— — „ 


Car. V. Eclipſes of Jupiter s Satellites. 


16 


* 


1 48 Endymionis initium. 
3 14 Endymion totus. 
4 © Finis eclipſis. 
Duratio eclipſis 4 h. 59' 28". 


Medium eclipſis 15 h. 4' 


16”, 


Quantitas digit. 3 min. 20. ad boream, 


XXII. 1. 
Sar. Dies empus empus [Per Tab. GET: Ls 900 * 
Menſis.] zquale. | apparens |Flamft. & 4 — * 3 
Caſſini. clio. 80 
-" H. NM S.[H. NI. FH. Min. —. Grad. | 
1700 Aug. 13] 10 59 4] 10.57 190% 59 El. Em. 15 Telece pd 6 pedal,” 
Dec. 1I— — L , K-14 5 5 E. | = 10 Teleſcopio 16 pedali. 
Omnes ſequentes _ 
tubo 16 pedali obſer 
| Ivatz fuere, nifi cum 5M 
ter notatur. 4 
13 2 13 21 Fl. 
1701 June Tm wn" LES - 1 im. | > 27 
July 8 13 30 4 — L „ol 
5 84 pt 
1 Nes 
F 7485 0. | 
Le 49 47 er 
6 25 6 28 Fl.] E. [NX 14|Dubia. Ix 
9.32 29 23 Fl. 1 N 7 
1702 Oct. I — — 22 151 2 G. E. V 114 Optima. 
— 22 45| 9 | *y 
| 5 #457] 5 478. | n 
— 45 42 p 
Dec. a — 5 59 al 6 5 Fl. E. * 16 4 Aer nebuloſus. 
1703. Aug. — — | 15 21 30 T: 144 T. 7 J's ZjDubia ob nebulas.- - - 
— 13 43 O13 38 . | | 
| — 43 35113 45 ©. Sj Abs 
Sept. 10 3 20% 4 F. I. IN 11|Nebuloſum ccelum. 
Nov. 2 1 5 43 F.] E | & 19 [Non mala. 
17 9 5317 8 FI. 1 125 Nia Ta; Eren . 
8 18 x ' ; 
ID 31 37 P. I. [1 13 Bona. 
* 2 13 23 F.] I. | 134|Bona 
2 i 1% 13 F. I. I 16 |Nebulos, Ted non mala: 
17 54 55117 48 F.] I. IN 184|Nebuloſuni, @ 
5 31 00 E. IH 21 10 Dubia. 
9 9 1719 ro C. — Bona ; 
Ff2 EK... 
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T. Sat Do — — 


Loc — 
Jovis. 


HW SAH M. III 


| — 25 


— 


— — 8 bY — 


II 5 


B 15 Bons. 
S 19 Nimia lux, ideo dubia. 
To Gray hane 


immerſionem Cantua- 
rie 19 15 ( obſervavit. 


7 27 ol 7 26 F. 
— 7 48 F. 


20: LL BQ 5 


4 


3 2 


1707 Feb. 15 


Emerſum invent. 


Bona. 


3 EiNebuloſum. 

N 265 * 

* 27% Bona. 

9 Ventus fortis tubum 
2940 L motitavit. 

* 3% Bona. 


23%| Immerius fuit ante. 


| — 
E. [ 14 Non mala. 
E. 31 Bona. 


7710 Mai 74 


my 
26 | 
1 2 [mmerſum vidi. 
5 Non mala. 


Aug. 23 4 
1711 Aug. 19. 


| 
„I 4 Bona. 


Ni Bona. 
X 193/Bona. . 


6 56 50? 8 35 


SH. X- : Dubia. 
Nubilum ideo dubia 
. Cane tubo 34 pedali 


obſervationem feci. 


5 ＋ 
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"Sar. Dies 


empus 4 Tempus Per Tab. Qua- Locus 8 1 


Menſis.] æquale. apparens. Flamſteed ] lis E- Jovi. | 
& Caflini.' clipſ. 
_—_— HUM SH NM. H. Min. | } Grad. 
WO equentes obſervatio- 
PerTabul. s teleſcopio 12 4 pe- 
Bradley li optimo factæ yo 
1725 Nov. 27 = = — 3.9 : 269 6 B. | == 


1726 Jan. q — 41 of — 30 07 31 B.] E. IX 25 x" — Upminſtro. 
— 41 30} — 35 0 | ö 

14 50 17] 1 28 | | 

Aug. 5 8 , = — 18 14 47 B. I. F* 15 Bona. 
7 44 17] 7 53 10 
Sep. 15 . — 54 30 7 53 B.] I. V 19 Bona. 


Obſervatio incerta 
Oct. 8] —— —| 10 25 ofro 7 Bl E. If 21 propter Jovis vicinita- 
— 17] —— —| 6 46 30 6 46 B.] E a5 tem. 
Dec. 2 —— — ff ; 7 5 B . 
2 8 ö 
— BE _ - SP C A 7 9 B.] E. V 28 Upminſtri bona. 


i oblervatio- 
nes teleſcop. 16 

; | \ lifatz fuere. _ 

1700 Oct. 27] : — | 8 24 o] s 23 E. j&= 61 Dos vapo- 

| res, - PFlamſteedii 

miniſter obſervavit cir- 
ca 8® 167 p. m. 
1701 Jun. 29] — — bY 10 50 io 52 F.] I. ja 283'Dubia ob vapores. 


Jul. 31 Unter. 4,2 ” oro 33 F.] I. „e [Nubiloſum. 


II. Sar. 


Oct. 21 


Nov. 22. 


1702 Aug. 26 


1703 Aug. 20] — — 7 9 50 olio it. Im 
Ot. 5 — ——] 15 3 * 19 F. E 2 mer _ 
— 39 8 41 -| 8 38 7 2 Fj — 1 


II. Sr. 
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. SAT. Dies empus empus culatio| Qualis | Locus CEP 
Menſis. æquale. apparens. Flat. & Eclipſ. _ 
Molyn. elioc. 
” [MS — e SY 
1704 Aug. 20| 12 15 29] 12 15 34] 12 321 T. 12 Bona. —_ 
Oct. 5] — —- — 4 a " 17 «| J. II 16 Bona. 
N ener. I 10 Haud mala. 
1705 * Ms == 747 4. 314 EE Ji HRS 
of 10 30 23] 10 16 1 
7 J 25 II 25 Bona. 
Feb. 14 7 45 31 7 32 8 1 E. II 27 Vaporoſus aer: dub. 
Mar. 25 * ” 5 vi 6 4 10 36] E. |s o — ay oh vicini- 
"_=_ * 16 26 1 10 3 11 N * 2 Vaporoſus Horizon: : dub, 
Sep. 1 — 26 26 iy ee 16 46 I. |S 16 ) gons. 
15 55 20 10 10 52 
oa. 15 26 — 15 4 16 27 | I. S 19 Bons. 
9 49 30 3 x 
Dec. 2 e — 50 10 * 28 161 10 1 I. [S 23 Bona. 
1206. Ap. 20] — — —| 8 58 30] 9 31 E. | Q 3 | Fuerat emerſus. 8 
1707 Mar. 13] — — — 7359 o| 8 18| E. [KN 284{Emerfit ante. 
—— 20] 10 28 14] zo 23 54] 11 5| E. [& 29 PDDubia. 
Ap. 14] _ 7 33 17] 7 35 39] 8 9] E. j % Dub. propter nim. lucem 
— 7.3] 0 1257] 0 45 E. IX 1>[Bona. 
_—_m Bo S914 17 : 
1710 Mar. J I 75 o — — I. I 21 Nubilum, & incerta, _ 
1711 Jul. 15 — — —| 916 o| 9 6 Ve 17 Nebuloſum & dub. 
n I 7 50 30 | 
-1712 - 1 7224145 . 
7 3—— |= > is 7 58 E. I& 10o ] Bona 
1714 Nov. 1] — — — 0 34 Wm © 55 E. V 18 [Incerta ob nubes. 
Dec. 34 — — — By +- * 6 34 E. * 214/Bona. 
1710 Dec. 22| — = 455 o|—- E. II 273|Emerho ante fuit. 
1717 Jan, 30|—— — —- 6 0d 740 | E. | Sx [Emerium in veni. 
; tk Sas. | Bona obſervatio teleſco- 
1726 Aug. 72 bY = +: $2 858 M.] I. [T 17 Bona. 
2 11 — — 5 b 5 53 M.] E. V 214 Dubia. 
— Nov. 25} — — — s I 518 16 E. |Y 25 Non mala, Windeſoriæ. 
III. Sar. | | | Re 
1700 OR. 19[— — * 6 23 15! 6 13 J. 8 6 — 
- 1701 July Hes — 10 18 olto 11 IJ. 1. Dubin: 
10 25 27 | 
— Sept. 8 — — — 26 0.10 12 E. 74 6 + Bona. 
— 26 42 *| REM 
1702 July 7 * 10 51 13ho 33 | I 7: & Dat 
— Aug. 2 Inter ” TS [ri 33 | I. ] Y 5 Nubes interrumpebant. 


— 
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HI.SAT- =_ Tempus ! Tempus |Calculatio|Qualis Locus 
Menſis.] æquale. | apparens. | Flamſt. eclipſis. Jovis 

— 

H. M. | Grad. | 


14 46 © 15 32 I. 8 6 Fuit immerſus. . 


13 43 20 
— 44 20] >13 4 I. Optima obſervatio im- 
S 10 < merſionis; at nimis ſe- 


I 
16 6 36] 15 40 E. | Crd emerſionem vidi. 
9 53] 750|E. [5124 
I 
E 


Immerſio accurate vi- 


9 57 44] 9171. ſa, ſed emerſio du- 
— 1 S 13 G bia propter vicinitatem 
| tz 8 17 11 52 Jovis. 


13 46 13 
„ 9 — 47 33 1 50 13 19 | IT. IS 14 Bona. 
— 48 44 


2 50 "WES 
In obſervationibus Aug. 24, Sept. 22, 29, & Oct. 6. notandum elit, Jatitudinem tertu ſatel- 
litis majorem fuiſſe quam FLamsTEEDIVUs aut Cas8inus conjectarunt. Nam iſte fatel. 
les uſque ad extremum poli Jovis marginem evagatus eſt, & (antequam in ejus umbram pror- 
= ſus immerſus eſt) diu in ejus penumbrà latuit: & in eadem umbri non ultra duas horas per- 
— manſiſſe autumo, quamvis poſt obſervationes Aug. 24 & Sept. 29 moram diuturniorem fuiſſe 
videatur. Sed in priore obſervatione veram non vidi emerſionem: & in poſteriore (cum 
Ou merit) emerſio Jovis limbo tam propinqua fuit, ut difficile fuerit eam cum teleſcopio 


| | + 
0 
Va 
O 


1 16 pedali vere obſervare. 5. U 
5 1704 Sept. 1 Inter ** 75 16 32 E. | IT 14 7 Nubilum cœlum. 
on — Ot. 20} 10 14 34 8 4 - As IJ. II 17 Bona. 
— Nov. 18 12 16] 18 27 17] 17 45 [LI I 18 4 Bona, licet aer nebulos. 
10 1 ** 
q 1705 Jan. 1 | bay : 4 9 55 5 E J. 22 

— Z 95 | | 
Feb, 2 10 9 242 58 42] — — I Fil 28 2 f 

oed wi 25 — en 

— Nov. 25] — — — ][ 7 41 0 — — I. S 21 [e denſas. 

1706 Mar. 134 — — — l 7 364 E © Bona. 

237-15 9.24 © 9 3 1 or bia ob & vicinitatem. 
Nov. 44 — — —| 16 50 27] 16 50 I Non mala. 

1707 Mali 1] — — — 8 17 — — — . | Emertum mvent. 
Nov. 26 18 41 i 18, 49 45} 18 4 | Ti T6 7 
419,19 38] + 19 24 1] | x YR” 
Dec. 3 281 < 25 al 19/25 | * K. 97 i. £00010. 

17 35 32 1721 0 b 1 b 
— — 32, 4 Wau . 
— 63 744 
N= 38 ©4] 1.3]. 7, 55 claleg hc. 
EDS „ e 74pm. 
| [J— 52 10 5E. PIE. 1 
rp -=$2: 3M) | : 2100 Wo, 2 en SE I! 
4 6 6 | * 
— — 3 28 645] 1 = 113|Bona- { 
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III Sar. Dies | Tempus Tempus [Calculatio] Qua'is Locus 
_— æquale. | apparens. | Flamſtee- | Eclipſ. rs 


dii. elioc. 

* HN IH NF TH N Grad. i 
1713 Dec. 28 5 33 30 6 32 © 646 | E. |X 19+ [Ventus dubiam reddiq 
1714 Sep. 17 82 2 56 35 ” : $40 | 1. Ky 134jBona, Tubo 34 pedali, 
6. 28 © 7 24 © 

OR. 234 — 23 of — 25 ] 7 38 | E. |Y 17 Bona, Tubo 16 pedal. 


—— 6 Of — 27 © 

5 52 23 I. Bona. ho 

1717 Jan. „ age: 05345 4 1 

3 . . 
EN 6 41 10 © 30 40 \ 2 | Bona, teleſcop. 127 
1726 Jan. 52 = ” — + * N 25 * 257 pedali. n 

7 13 29 ”T 16 I? 3J' 
Dec. 15 IS _ 3 F, 1. E Y 1543ona. 


* 


Vr. | M- 
1701 Jun. 11 | — — —| 42 ©| 14 35 I. | 27 |Immerſum inveni. 
Sep. 3 — — —| 13 59 of 1421 | E. |X Idem per nebulas. 
1704 — 30 | — 9 21 42 9 40 E. II 154 3 — 
ubia iMita» 
Dec. 6] —— —| 9 52 44- — —| E. IL 214] J rem Jovi, & panic 
| | | | Item fatel. 
1708 Feb. 11] 38 5| 8 24 8] 8 23 | I. [I 27 [Non mala. YT 
ar 20 9 0 8 58 9 36 | I |&t, 64 Non mala. 
17 | 12 4⁰ I p Pony 
Sep. 201] — — —| 16 24 of 16 171 I. [K 15 Immerſum inveni. 
Babe. 8 2 
1712 Aug. 20 Unter. Ma - 5 
7 43 © 
Sept. 6 — * 97 9 20 E. d. 7 


— * 


. 


—— 


10 11 I. E 5 Bona. 


Remarks on the foregoing TaBL Es. 


mf, Y as r m5 Ad oa A Tus 


A exact tables to calculate the eclipſes of the circumjovials 
would be of very great ſervice to find the longitude of places, 
hope theſe obſervations of ſome of them in more revolutions than 
one of Jupiter may be of uſe to correct or make ſuch tables. | 
wiſh I could have made them more compleat ; but beſides fcloudy and 
bad weather, one great hindrance was the want of tables to enable me 
to calculate the eclipſes myſelf, and the frequent diſappointments of my 
friends that furniſhed me with catalogues of them. 
My obſervations were for the moſt part made with a 16 foot tele- 
ſcope, and afterwards with an excellent one not inferior to it of 12 + feet, 
which at Jupiter's light bears an aperture of 2 + inches, and a charge of 
about 2 inches. As to the time; I made uſe of an excellent and well 


$4 2 * 


£LZ 


8 7 — 
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adjuſted clock, corrected at noon by the meridional tranſits of the ſun 


obſerved with the inſtrument deſcribed in the philoſ. tranſact. N*291 +, 
which ſhews the noon-time to one or two ſeconds. This way ſome of 
my ſkilful friends, particularly Mr. Flamſteed, ſuſpected to be falla- 


+ Vid. ſupra 
Vol.IV.C.VI. 


$. VIII. 


cious, and not comparable to taking the time by altitudes of the ſun or 


fixed ſtars. © For a trial therefore I gave him a challenge of obſerving 
ſome eclipſes that we agreed on; which when compared we found to 
agree ſo nicely, as to ſhew to a ſecond of time, or very nearly fo, the 
difference of the meridian of the obſervatory and that of Upminſter. 
But becauſe the credit of my obſervations depends upon the ſtrictneſs of 
the time, give me leave to compare my inſtrument with a quadrant. 
1. It is leſs liable to errors than a quadrant in regard of its ſtructure ; 
for a little error in the diviſion of a quadrant's limb, or in fixing its 
ſights, whether teleſcopic or plain, ſpoils all. But no great niceneſs is 
required in my meridian inſtrument. 2. In point of obſervation as much 
care and exactneſs is neceſſary to guard againſt wind, and to take a true 
altitude by the quadrant as to take a true azimuth by my inſtrument. 
For if we are ſure that the inſtrument is exactly in the meridian, we can 
be as ſure to a few ſeconds of time as any the beſt quadrant can ſhew it. 
And altho' I cannot fay that every day or every week I examined the 
polition of my inſtrument, yer I did it ſo often as to be ſatisfied that 
there could not be many or great errors in my obſervations. 

The greateſt part of the eclipſes that were the moſt accurately obſer- 
ved may eaſily be diſtinguiſhed by the two or more numbers of the time 
of obſervation : the firſt of which ſhews the moment of the beginning of 
the eclipſe; the following the times when farther advanced: as in an 
emerſion, the firſt number ſhews the time when the ſatellite appears like 
a ſmall obſcure ſpot; the following numbers, when brighter, or quite 
emerged out of Jupiter's ſhadow ; and ſo contrariwiſe in an immerſion. 
But altho' this might have ſufficed, yet for greater certainty I have no- 
ted which obſervations were good, which doubtful or bad: even the 
latter of which may be of uſe in ſome caſes where better are wanting. 
The calculated times of the eclipſes I have inſerted, where I had them 
from others or could calculate them myſelf, as being of good uſe to 
amend the tables of Mr. Flamſteed, Caſſini, or others, taken notice of 
in the column on purpoſe. And for the ſame reaſon I thought good to 
add the place of Jupiter alſo. | Ne | 

And laſtly I thought it good to mention the length and power of the 
teleſcope I uſed, as being in ſome meaſure neceſſary in the comparing 
obſervations of different places, becauſe obſervations may differ ſeveral 
ſeconds by the different length and goodneſs of the teleſcope uſed ; a 
long and good teleſcope ſhewing the ſatellite when the ſhadow of Jupi- 
ter doth but juſt touch it; whereas a ſhort or bad one doth not ſhew it 
until one half or more of the ſatellite is enlightened. Which difference 
is moſt remarkable in the eclipſes of the two outermoſt ſatellites in their 
greateſt latitudes, at which times they go into and come out of Jupiter's 

Vor. VI. PART I. "8 ſhadow 
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ſhadow in an oblique and longer, not a direct and ſhorter Las; : an in- 
ſtance of which may be ſeen in the obſervations of the eclipſes of the 
third ſatellite in the months of Auguſt and September 1703. 


—Of the rt XXII. 2. 1723. FR n 
Satellite of i Emerſiones. Die 30 2 08 31 
upiter af Lis- 3 Emerſiones. 
and 1724. By Die 23 Julii 7 47 oo| Die 2 Sept. 9 36 57 
B. 7 Die 7 Septemb. 8 21 48 W 9 11 34 26 
ne, . , 1724. 1e 25 9 59 21 
. * Immerſiones. Die 4 Octob. 6 26 44 
Die 8 Junii mane 2 03 28 Pig 18 IQ 21 20 
Die 15 3 56 271 Die 3 Novemb. 8 42 30 


Omnes obſervationes habitæ ſunt teleſcopio palmor. Rom. 30. 


oſephi Campani. 
Fer RE T. v. poſt med. no&. 
8 Junii 1724 : I, 
—Of Jupiter's XXII. 3. JN caſtro Viſcardi ſupra Vulſinium in eodem 2 48 30 
Satellites at ferè meridiano cum Vulſiniis (vulgò Bolſena) 


Rome, &c. in fatelles ſecundus B ex umbra Jovis emerſerat, & 


Ranchin, - ita configuratus viſebatur cum c#teris. fig. 108. 
396. p. 176. Satelles tertius C ſubit limbum Jovis è di- 3 o 30 
ov. &c. recto faſciæ mediæ. 
* Satellitis intimi A incipit lumen imminui 3 26 20 
Fig, 108. Totalis ejuſdem immerſio, reliquis fatellitibus 
B, D, & faſciis perſpicuè apparentibus. - 3 27 10 
24 Jun. Romæ obſervata eſt tum immerſio ſecundi ſa- 
Fig. 109. | tellitis, tum primi, ita configuratis Jovialibus, 
Satellitis ſecundi B incipit lumen debilitari. 1 39 o 
Omnimoda ejuſdem immerſio. 1 40 20 
Etiam fatellitis primi A lumen imminui am 1 41 50 
incipit. | 


Lux ejuſdem omninò diſparet, cæterorum 1 42 59 
lumine, & faſciarum adſpectu nitidiſſime perſe- 
verante. 
4 Jul. Illuceſcente aurora, Rome immerſio totalis 
intimi ſatellitis Jovis clariſſimè ſpectata eſt; 3 24 29 
cum ante minuta ſecunda horaria 55” circiter, 
lumen ejuſdem cceperit debilitari, cæteris fatel- 
litibus & faſciis perſpicue apparentibus, cœlo 
clariſſimo. | | Pp. mer. 
18 Aug. Rome intimus Jovis ſatelles ex umbra cœpit © 40, 45 
emergere, & pleniſſimè lucebat in A, inter lim- 0 41 25 
Fig. 110. bum Jovis, & ſecundum fatellitem B, qui a lim- 
bo Jovis diſtabat ſemidiametro circiter Jovialis 
diſci. Satelles A emerfit ab umbra inter duas 
faſcias corporis Jovialis inferiores, ſitu everſo in 
teleſcopio. 1 | Obſervatio 


Cnat. IV. Eelipſes of Jupiters Satellites. 
BO T. 81 mer. 


on 
Obſervatio fuit clarifima & diligentiſſima, 
cclo clariſſimo. 
25 Sept. — intimi Jovis ſatellitis initium emerſi - 11 25 55 
is. 


Totalis recuperatio luminis. 110 &£ 
11 Octob. Albani, ejuſdem intimi ſatellitis initium 9 53 8 
emerſionis. | 


1724. 
XXII. 4. Ov. 8th, 7 377 7” the firſt ſatellite of Jupiter began to 
emerge: the ſame day at 6" 24! 20” the third ſatellite 
began to immerge. 
1725, | 


July 31ſt, 10* 43' 207! the third ſatellite immerged at a little above 
a ſemidiameter from Jupiter, but it began ſenſibly to abate of its light 
above three minutes before. 

Augult gth, 11* 51' 20” I loſt fight of the ſecond ſatellite, but it 
began ſenſibly to abate of its light about two minutes before. 

Bug 18th, q 25! go“ the firſt ſatellite immerged very near Jupi- 
ter's body. 

The ſame night both myſelf and ſon plainly ſaw the ſhadow of the 
third ſatellite paſs over Jupiter's body like a ſmall black patch, tracing 
along the middle of his bright belt above the moſt ſouthern black one, 
and was in his axis as near as I could gueſs by the eye at 100 25' or 300. 

We could ſee it for about the middle half of its track, but not near 
Jupiter's edges. 

Octob. 11th, 6 31' 45” the third ſatellite began to emerge, and was 
full three minutes and a half before it was at its greateſt luſtre, which 1 
could then well judge of, by comparing it with the firſt ſatellite, 
which was juſt a little above it, but nearer Jupiter. It came out of 
the ſhadow about half a diameter from Jupiter's edge. 

Decemb. 26th, 5* 51' 12” the ſecond ſatellite began to emerge. 

1725-6, Jan. 5th, 6h 287 go” the third ſatellite began to emerge. 

N. B. When two of Jupiter's ſatellites are paſſing by one another, 
the one approaching, the other receding from him (if not too far di- 
{tant from his body) the time when they become equally diſtant from 
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at Southwick 
in Northamp- 
tonſhire in 


1724 — 
Gt. 2 Tt 


1. 393. p. 66. 
March, &c. 


1726. 


his limb may by the eye be very nearly determined, eſpecially when 


the firſt and ſecond ſo paſs, as by experience I have found by the above 
mentioned glaſs, within leſs than half a minute in time, by the agree- 
ment of two good obſervers. Therefore the taking the time of thoſe 
paſſages, I mean of the firſt and ſecond ſatellites, would be of more 
uſe in ſettling the longitude of places than the eclipſes of any of the 
ſatellites, except the firſt, by reaſon of the length of time they take 
in emerging or immerging, according to theſe obſervations. 

Gg 2 St. Novo 
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the ſame St. Novo. 


aft Pekin in 
1724, and 


1725. B 
Ig. 4 


724 
XXII. 5. N | 
ov. 20. ſatelles 20. prodiit ex umbra V. 6 44 


*. 405. p. 553. 


Nov. 1728. 


—0 / Jupiter”: 
firſt ſatellite 


at Lisbon in 


1725, and 
1726. By 


J. B. Carbone, 
1. 394- P. 90. 
May, æc. 1726. 
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172 
OV. 5. ſatelles 3 immerſus eſtY 6 9 


in F umbram. —— - — W ra 
o veſp. 
Nov. 30. fat. 10. ex 4 umbra emerſit. — 6 14 o velp. Dec 
Dec. 23. Emerſio ſatell. j. ex umbraV. 6 19 0 veſp. 
23. us. vis 
1725. 12 23. ſatelles 3%* ſubuit Jouve 2 29 0 Jan 
Juli 9 fat. 1% in x umbram 2 55 30 


Aug. 9. Imm. ſatell. 1. in # umbr. — 11 27 O 
1 og 19. Emerſ. ſat. 1. ex M umbra — 6 z1 30 
Oct. 2. emerſ. ſat. i. ex Þ umbra —— 10 45 


Oct. 10. idem fatell. 1. emerſit 12 42 man. 
Oct. 11. ejuſdem emerſio — 79 veſp. 
Ock. 15. ſatell. 3% prodiit a tergo Jovis 6 46 veſp. 
Dein diſparuit in umbr. W 
Tandem ex eadem umbra emerſit — 10 20 
Oct. 19. ſatellitis 1. emerſio — 9 veſp. 
Oct. 20. ſatel. 2% emerſit ex y umbr. 9 6 veſp. 
Oct. 25. emerſ. 1. ſat. ex x umbr. — 11 6 veſp. 
Oct. 27. emerſ. 2. ſatell. ex umbra x1 11 45 30 veſp. 
Nov. 3. Emerſ. 1. ſatell. 7 27 40 velp. 


veſp. 
veſp. 
veſp. 


Nov. 19. ejuſdem fat. 1. emerſ. —— 5 42 30 veſp. 


v. 20. 2990 1 re ex 
1 @ ig 28 emergere e 7 6 26 30 veſp. 
Temp. ver. correct. à meridie. 
Jul. 28. 1725 W972? 
XXII. 6. I Mmergi viſus eſt in umbram Jovis veram, 12 12 26 
teleſcopio conſueto Joſephi Campani pal- 
morum Rom. 30. Ceperat verò debilitari lumen, 12 11 35 
Sept. 12. Emerſit ab umbra vera Jovis, cælo ſatis ſe- 13 o© 10 
reno; verùm ob Jovis cum ſole oppoſitionem, 
quæ ſeptem ante diebus contigerat, adeò pla- 
netæ diſco proximus erat ſatelles, ut ab ejus ni- 
mia claritate offuſcari aliquantulùm potuerit in 
primo ſui ab umbra egreſſu; ac proinde dubi- 
tari poteſt de aliquot ſecundis, | 
14. Cepit ab umbra emergere —— | — 928 7 
Integrum vero lumen recuperavit — 9 29 0 
21. Initium emerſionis ab umbra vera —— 11 24 55 
| totals recuperatio luminis — 11 26 o 
Oct. 23. Initium emerſionis — — 8 11 10 
| totalis recuperatio luminis — 8 12 10 
Nov. 8. Vifus eſt fatelles clareſcere in penumbra; 6 30 4 


cum aliqua tamen incertitudine de vero initio 


emerſionis, ob aeris à vento trepidationem. 


1 


Sed 


— 1 


0039 ow 


15. 
Dec. 8. 
Ian. 9. 

16. 
XIII. 7. 


Sept. 23. Emerſio 6 56 42 t. v. 
Oct. 16. Emerſio 7 15 17 
Nov. 8. Emerſio 7 31 33 


Caar IV. - Ecliffes of Jupiter's Satellites. 


Sed dubium fortaſſe -quoad pauca tantùm ſe- 


- cunda.-- 


Diſtincte adfcrvitim eſt initium emerſionis. 
Recuperatio integra luminis — 
Initium emerſionis — — — 
Totalis luminis recuperatio. 
1726. 


primd clareſcere viſus eſt, ſed luce tenui- 
ſſima, ob aeris claritatem 5 crepuſculis, ac 
proinde non ſatis conſtat de vero initio emerſi- 
onis, ſaltem quoad ſecunda. 

Satis clare ac diſtinctè primò emergere viſus 
eſt, aere omnino pacato ac ſereno 
Totalis verd luminis recuperatio 


1725. 


Tj | ————— 


— 


1 8 
bee. 17. Emerſio 5 56 34 
Dec. 24. Emerſio 7 49 18 dub. 


1726. 


6 51 10 
6 52 15 


”” 


15. Emerſio 9 26 52 Jan. 9. Emerſio 6 2 3 dub. 
1 1726. h. 
Maii 23. Ebilitatio lucis — 15 24 © 
Totalis immerſio — 15 24 40 
ul. 1. Debilitatio lucis — — 1; 46 29 
Immerſio totalis — — — 13 47 47 
8. Debilitatio lucis — — 15 40 30 
Immerſio totalis — — 15 41 40 
17. Debilitatio lucis — 3 12 0 45 
Totalis immerſio — — 12 1 52 
Aug. 9. Immerſio total is — me 12 13 30 
16. Attenuatio luminis — 14 7 
Totalis obſcuratio —— — 14 8 46 
23. Attenuatio lucis — — 16 3 10 
Immerſio totalis — — 16 4 23 
25. Debilitatio luminis — min, 
Totalis obſcuratio — —— 10 3 
Sept. 1. Attenuatio lucis —— neee 
Totalis immerſio — — 12 29 29 
10. Debilitatio lucisskaw⁊ — 8 53 47 
Totalis obſcuratio — — 8 54 54 
15. Immerſio in umbram — — — 16 21 32 
17. Attenuatio luminis— — 10 50 12 
Totalis immer ſio — — 10 51 39 
24. Debilitatio lucis — 12 46 38 
Totalis obſcuratio. dubia. —ä (— 12 47 45 
Octob. 10. Immerſio totalis. nonnihil dubia. — 1 


». 


8 34 
Oct 
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—Of the ſame 
in 1725, and 
1720, at 
oulon. By 
Ant. Laval, . 


4- P. 100. 
y,&c. 1726. 


at Lisbon in 
1726. By 
J. B. Carbone, 
1. 401. p. 408. 
Jan. &c. 1728. 


_ Of «pon 5 


XXII. 9. "i 


Petendurgh, 


125 57 37 
n. &c. 
* 18 11 15 46 


2 


4 


88 
OSO oO „ ON 6 » 


I 


 Eclipfes of Jupiters Satellites. | Par 1 


Ul " 


” 47 © 
14 51 30 


11 15 52 
11 32 51 
11 32 56 
16 13 20 
12 21 46 
8 47 8 
7 11-18 
10 30 31 
10 30 38 
7 15 36 
7 15 48 


10 59 46 
11 0 17 


10 10 4 


1 
11 52 23 


14 50 30 
11 19 18 


13 11 24 
13 21 35 


Octob. 26. Initium emerſionis 
Integra luminis reſtauratio 
28. Emerſio ab umbra 
Emerſio à Penumbra 
4. Initium emerſionis 
ITootalis Emerſio 
11. Initium emerſionis 
Integra lucis reſtauratio 
20. Emerſio ab umbra 
Emerſio a Penumbra 
4. Emerſio ab umbra. Dubia. 
Totalis reſtauratio luminis 
HE following obſervations were made with very 
good common teleſcopes of 13, 15, 201, and 22 
feet. 
What Eclipſe. 
Im, of the 1ſt. 


— — 


Teleſcope| _ 
. ja little doubrful, 
15 and 22 


| , 
— 
a. 


ke 


— — 10 
9 
— —ͤ — O 20 19 
66 21 29 
— — 10 5 1 
— — 10 63. 


doubtful near 15”, 


to ſome ſeconds. 
ſomewhat doubtful. 


| | 9 
Lmmer. — 31 
10 9 56 


— 


10 59 27 
1337 9 


8 
* 


* 
ä 


10 43 57 


exact. 


to a few ſeconds. 
VF was low. 


114111111 


19 34 30 


doubtful. 


Cuar. IV. Ectifes of Jupiter . Satellites. 


197277 h. [What Eglipſe. Teleſcope 
Sept. 15] 9 36 32]l mmer. — 1022 
3100 8 48]Immer. — 1/15 


doubtful. 


4441 


N 11 
1214 6 Em. — 322 
1728 
= $112 14 44 25 — 215 — ſto ſome ſeconds. 
12 * 34]E — 113 — {ſomewhat doubttul. 
10 UEm. — 3/22 — ſto ſome ſeconds. 
7 N i. Em. — 122 — the wind incommoded. 
17] 7 56 311Im. 3113 — 
8 53 4Em. 1122 — fſexact. 
9 55 I4]Em. —— 322 — 
Feb. 16010 59 26]Em. —— 122 — |]to ſome ſeconds. 
18] 5 28 20 Em. —— 1163 — {|[the days not cloſed. 
27] 6 40 Em. —— 2/22 — 
29] 8 © 29|lmmer, — 3/2 — |the Satellite appeared 


and diſappeared at 
| | different times. 


Mar. 10011 18 19 Em. — ,1|13 and 15 
Apr. 12] 8 16 12[[mmer, + 


10 30 4oſEm. — 3 15 — v was low. 
EXXII. 10. | 


727. 
Ctob. 15d. 9 h. 10 54" 1 bf intimi Jovis ſatellitis obſer- 
vavi teleſcop. ped, 22, 
TH 7 d. 9 h. 25! 45" ejuſdem ſatellitis immerſ. eodem teleſcopio. 
11. 1727. 
3 St. N. h. 9. 450 47/7 acer 3* ſatellitis in umbram V. 
teleſcop. ped. 14. h. 11. 53 ! 38! quſdem emerſio dub. 
5 Jan, h. 6, * 54!! emerſ. 1 ' fatell. teleſg. ped. 11 Bononienſ. clar. 
7 Jan. h. 8. 54 12“ emerſ. bh eodem teleſc. clariſſ. 
7 Feb. h. 5. 50 5!! imm. 35 eodem teſeſc. | 
h. 7. 52 34 emerſ. e ejuſcdem teleſe. ped. 14. 
8 Feb. h. 8. 37 59% emerL - teleſc. ped. 11. acre nonnihil nebuloſo. 
1 h. £ 340 Ws imm. q eodem teleſe. 
b Sept. h. 11 55 imm. 1 eodem teleſc. 
17 Sept. h. 10 480 725 imm. 3 dub. eodem teleſc. 
h. 12 400 30“ emerſ. ejuſdem ſubdub. eodem teleſe. 
SA 
XXII. 12. d. het # 
1727. - 2 10 21 10 Veſp. 


Immerſiones 10 0 14 26 mane 


11 6 44 10 veſp. 8 
1 5 c 


Sep 


8 
rt ſatellite 
A in 
1727. By 
J. B. Carbone, 
1. 403. P. 472+ 
July, &c. 1728. 
the ſame 
ologna 
in — By 
Euſt. Manfredi 
1. 404. p.534. 
Oct. 1728. 


Of Jupiter”; 
Satellites at 
Pekin in 1727 
and 1728. By 
2 
228 May, 
Ke. 1730. 
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Eclipſes of Jupiter s Satellites. 


| d. 1 F _ | 

Dec. 3 2 30 42 mane 

10 4 22 5 mane 

11 10 50 © 1 | 

13 5 17 30 yap 

Fee 1 [89 040 ee 
E 20 7 8 20 veſp. 
26 2 32 33 e 
Tr” 9 | 
1728. = 3 10 51 50 8 
5 5 20 o velp.” 
11 O 45 18 mane 
12 7 13 % ep. 

14 19 9 5 40 veſp. 


| Emerſiques J 28 5 27 20 . | 
reb. £7 8 

11 9 16 40 ie 

18 11 12 30 _ 

20/ 5 41 50 veſ] 
Mart. 21 7 58 35 veſp 
o 20 4 12 12 — 
ä 4 5 6 o mane 
Immerſiones. 13 1 30 © mane 

20 3 26 15 mane 


— — 


5 nns 
Immerſ. 1507 Nov. 6 Fn 5 40 mane © 
Dec. 1 3 40 45 mane 
4 5 2-0 veſp. 
Emerſiones. 11 7 37 42 veſp. 
" 18 10 11 13 veſp. 
26 o 47 39 mane. 
1728. 5 4 42 o veſp. 


1 7 16 16 velp,- 


| Edt. 19 9'51 o veſp. 


13 7 3 45 velp. 
20 9 46 o veſp. 


Immerſio. 8 30 3 34 10. mane 
| 3 6s OL fs 

1727. N I” |! | 
ov. 21 o veſp. 
Incipit emergere. Ik ol 4 * 3 

1728. | ; 
Immerſ. tot. | "mf 3 5-43 40 veſp. 
Emerſ. prima 7 42 © veſp. 


27 5 19, 30 „ 


26 10 59 o veſp. 39 


Immerl. 


verſ. 


Car. V. Esclipſes of Jupiters Satellites. 


Immerſ. tot. 
Emerſ. prima 


Immerſio totalis. 


An 
Jan, 10 9 42 52 
11 42 20 


Feb. 22 9 42 30 
Sa. 0 6 68:90 


XXII. 13. 1728. Nov. 5 1 42 45 


Immerſiones SATEL L. 
2 3 © 
13 100 
19 5 28 20 
20 11 55 56 
28 1 47 50 
29 8 16 35 


a $0270 


Emerſiones S A T E I. I. 
31 •6 50 15 
1729. Jan. 7 8 40 40 
16 0 
22 0 24 10 
23 6 20 
30 8 46 15 
n EEO 
* Mart. 10 7 21 40 
17 ; 0:90 
24 11 3& 15 
Immerſiones SATELL. 
Nov. "3 'S* 20 a5 
I5 45 0 
171 11 
Immerſiones SA TEL I. 
Nov. 6 6 ay 
Dec. 13 *v0 
8 5 35 55 
1 


Emerſiones SA TEL I. 
„ „ 
2 


6 
19 11 44 15 
27” 23 0-0 
Fed.. 6. 6-6-0 
t3 8 0 
20 1 - 28 45 


Mart. 10 9% © 


Vol. VI. PART I. H h 


veſp. 
veſp. 

veſp. 
mane 
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—Of the ſame 
at Pekin is 
1728 & 1729. 
By _ 

#. 416. b. 457. 
Nov. = 
1730. 


234 Eclipſes of e Satellites. Paxr I, 
„ 
Mart. 17 8 49 40 veſp. 
| 24 11 30 10 veſp. 
Mali 20 8 49 30 veſp. 
Immerſiones Sa TEL I. II. 
Nov. 17 11 52 23 veſp. 
Immerſiones SAT E L IL. III. 
. n. ff ** | 
Nov. 6 10 4 10 velp. diſparuit plene immerſus in umbram. 
7 © 47 15 mane ccepit rurſum emergere. 
21 6 1 5 mane plene immerſus fuit. 
24 5 24 20 veſp. plenè diſparuit in umbra. 
1729. 
Jan.) 24 8 21 40 veſp. denuò cœpit promicare. 
31 9 25 36 velp. integre immerſus fuit. 
Feb. x 0 21 o© mane rurſum prodire ccepir. 
Mart. 15 9 33 © velp. plene immerſus in umbram. 
1729. Immerſiones SA TE L L. IV. 
Jan. 16 6 30 o veſp. circiter, ingreſſus eſt umbram. 
16 9 24 o veſp. ccepit rurſum ſenſim emicare. 
Mart. 24 6 46 20 veſp. plenè diſparuit in umbra. 
24 10 10 20 veſp. denuò promicare cœpit. 
.SATELLES. II. 
SATELLES I. ane 
1729 e Dec. 27 01 41 30 a. m 
Of the ſame XXII. 14. d. h. x 173054 Jan oz o4 10 45 a.m 
at Pekin in 1729 [Dec. oi o4 36 OO a. m. 12 o7 5 p. m 
1729 & 1730. o8 06.45 47 4. m. Febr. 07 07 47 27 p.m 
By Ign. Ko- 10 o 14 30 a. m. dub. 22 00 58 50 a. m 
gler, u. 420. 17 03 0405 a. m. 85 Mart. oi 03 36 20 a. m. dub. 
p. 182. Aug. J |, 18 09 32 10 p. m. © 11 0% 33 15 p.m 
Kc. 1731. 34 25 11 22 15 p. m. ES 18 10 13 36 p. m. 
>} 31 06 44 06 a. m. 8 26 00 51 45 a. m. 
1730 03 Jan. 02 01 18 26 a. m. Cy Apr. 12 07 30 48 p. m 
og 03 03-45 4. m. VOY: 21 10 o6 50 pm 
10 O9 31 oo p. m. SAT ELLES III. 
17 11 22 30 p. m. | n 
25 03 33 30 4. m. 1729 Dec. o6 or 14-00 a. m. dub. 
Febr. 02 11 5 8 = 13 os os oo a. m. 
10 01 4 a. m. | 173983 J Jan. 10 08 46 3o p. m. 
— 1 6 hag 2 18 00 42 oo a. m. 
18 10 11 40 p. m. Febr. 15 08 ob 50 p. m. 
4 26 O 07 45 2. m. 1 23 OO ©5 06 a. m. 
= 27 06 36 40 p. m. 2 < Mart. 30 08 14 46 p. m. 
2. Mart. 06'08 32 30 p. m. = Apr. o6 08 41 oo p. m. 
— 13 10 29 oo p. m. wo 12 08 22 oo p. m. 
9 21 00 25 50 a m. 3 I 
| 29 08 53 26 p. m. hes 
Apr. og 10 49 $5 p. m. 1729 Im. Dec. 5 2 12 40 2. m. 
Maij. 14 09 28 45 p. m. Emerſ, O5 48 oo a, m. 
Jun. 22 07-55 30 p. m. dub. | 1730 Em. Febr. 06 05 38 oo a. m. dub. 
Immer. Nov. 04 06 00 oO a. m. Immerſ. 22 06 45 15 p. m. 
Emerſ. 11 30 oo p. m. 


XXIII. . 


15. 


Ab. 


| XXIV. 2. 


Cnar. IV. Spots ſeen in the Sun. 


XXIII. 1. r. Samuel Chew at Maidſtonein Maryland tells me 
that he has for ſome days paſt at morning and evening 


obſerved ſeveral ſpots in the ſun very plainly with his naked eye, ſome 
of which ſeemed very large. 


XXIII. 2. Argines elevati in ambitu macula perfundebantur 

lace ſolis, & candorem conſuetum oſtendebant: fun- 
dus maculæ tenebroſus ſpectabatur, cum ad illum radii ſolares nondum 
pertingerent. Sed projectio lucis minus candidæ, imo nonnihil rubeſ- 
centes pervadebat mediam aream maculæ, ut in fig. 111. non ſecus ac 
ſi in latere marginis A ſoli obverſo foramen aliquod fuerit, per quod 
radius ſolis admitteretur. Duplex adhibenda eſt cauſa unde prædictus 
elfectus procedere poſſet; vel ſcilicet foramen in latere marginis ſol! 


obverſo, vel refractio alicujus radii ſolaris in ſummitate marginis facta, 


unde interiores partes ipſius maculæ pervadere radius. Utrumque 
confirmat dari circa lunam atmoſpheram noſtræ non abſimilem. Hæc 
obſervatio facta eſt hora prima poſt ſolis occaſum in monte Palatino, 
tubo optimo J. Campani palmorum 150 Romanorum. 


bib 50 

XXIV. 1. Ars per vapores tranſſucens ſtabat ad N 5 0 
A limbum lucidu  —— 

Jam erat penitus immerſus 6 54 o 

Centrum Martis emergit e © limbo obſcuro 7 534 25 


Totus Mars extra lunam 7 $54 35 
Tranfitus Marrtis fuit in linea ex centro Grimaldi per extre- 
mitatem boream Langren. ducta. Inde habita ratione li- 
brationis lunaris, collecta centrorum diſtantia minima; 27 30 
Marte auſtraliore. Semidiameter lunæ apparens hora ꝗ erat 
16! 55%. Obſervatio facta eſt teleſcopiis 10 & 12 pedum. 


Ontigit acceſſus lunæ ad Venerem 2 h. 2 167, p. m. 
Occultatio totalis 2 h. 3510. Item per teleſcopium 
octodecim pedum notavi Venerem ferè in quadraturi poſitam, cum 
prope lunæ diſcum accederet, figuram mutaſſe, & falcis cuſpides ami- 


ſiſſe; unde ovalis vel elliptica figura oriebatur : quod ſpectaculum pro 
comprobanda lunæ atmoſpheri adhiberi poteſt. | 


XXIV. 3. T Anuar. die 2 mane luna occultavit ſtellam Cor Leonis; im- 
merſio erat 2 h. 35! 20“ in recta per Tychonem & 8. 


Theophilum; emerſio fuit 3 h. 20! 40!” in recta per S. Theophilum & 
Eratoſthenem. 


Die 22 ſummo mane luna tranſi vit per Pleiadas. * Fi 

1 h. o' 25” immerſit Taygeta poſt lunam, in recta cum Bullialdo & 
Abilfedea. 

1 h. 9“ 30“ Celæno, à cuſpide cornu auſtrali pauculis ſecundis diſtans 
in recta ex Tychone per Clavium, mox diſparuit nimia 
fluctuatione .lucidi limbi lunz abſorpta. _ 

h. 18' 24” immerſit Sterope in 7 52 cum Bullialdo, & Fracaſtor. 

2 


1 h. 
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Spots in the 
fun ſeen with 
the naked eye 
in Dec. 1730. 
By Mr. R. 
Lewis, to 
Mr. P. Col- 
linſon, z. 418. 
p. 70. March, 
&Cc. 1731. 
The ſpot Plato 
in the mon 
ſeen Aug. 16. 
1725. at 
Rome. By Fr. 
Bianchini, =. 
396. p. 181. 
Nov. &c. 1726. 


Fig. 111. 


An occultation 
of Mars by the 
moon obſerved 
at Ingolftadt, 
Jan. 19, 1726. 
By .it, 
1. 405. 5.8 56. 
Nov. 1728. 


An eccultation 
of Venus by 
the moon at 

Berlin, Sept. 
19, 1729. 5. 
m. N. . by 
Mr. Kirck. 

n. 412. p. 256, 
Jan. &c. 1730, 


Occultations 
of ſome ſtars 
by the moon 
obſerved at 
Pekin in 1728. 
By | 
2. 414- P. 370. 
v. &c. 1730. 
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— At Pekin in 
1728 & 1729. 
By — 


. 416. p.455. 
Nov. &c. 1730. 


Occultations of Stars by the Moon. Paxr I. 


t h. 25! 56” Maia in recta ex Tychone per Longomontanum. Emer. 
ſio nullius videri poterat ob nimiam fluctuationem lucis 
lunz inter vapores. 

Die 29 veſp. luna obtexit ſtellam 7 Leonis, immerſio fuit 9 h. 27! 54" 
in recta cum Galilæo, & Lanſbergio. Emerſio vero 10 h. 24' 1)“ in 
recta cum Macrobio & Soſigene. 

Mart. die 21 veſp. occultavit luna ſtellam 1 Cancri. Immerſio fuit 
8 h. 147 in recta per Copernicum & boreum marginem Langreni. 
Emerſio fuit neglecta. 

Maii die 24 ſummo mane 1 h. 51! 30“ luna abſorbuit ſtellam Scor- 
pionis proxime Byrgium. Emerſio non fuit obſervata. 

Sept. die 14 veſp. luna occultavit ſtellam Capricorni. Immerſio 
fuit 8 h. 11“ 20% inter Seleucum & Cardanum. Emerſio 9 h. 3) 
30% paulo infra Langrenum. 

Die 19 veſp. luna obtexit ſtellam Piſcium. Immerſio fuit 8 h. 43 
45 in recta per Tychonem & Langrenum. Emerſio autem 9 h. 
5 15“ in recta cum Tychone & Keplero. 

Oct. die 28 manè luna occultavit Regulum ſeu Cor Leonis; immerſio 
fuit 1 h. 39 / 50“, in recta per Ariſtarchum & Gaſſendum. Emerſio 
2 h. 11! 15 in recta per Ariſtarchum & Cardanum. 

1728. 
XXIV. 4. Ov. die 20 5 h. o“ 42 / mane luna obtexit ſtellam , 
Leonis; locus immerſionis erat proxime contra Roc- 


cam. 

6 h. 217 55'! prodiens ſtella ſtabat in recta cum Reinoldo & Gri- 
maldo; adeoque locus emerſionis prope Beroſum, & tranſitus ferme 
centralis. 

Dec. die 6. veſperi conjunctio Saturni cum luna, ſed luna non niſi 
poſt 7 h. 4 e nuhibus promicante, captz ſunt tantum ſequentes diſtan- 
tiæ Saturni à propriore limbo lunæ cujus diameter 3o' 45” 


d Fe . ga ageah t 
3 Ci. 52 o Cen cuſpide q gantbecium 
33 3 bor. ( per "git 
40 25 10 Petavium. 


1729. Mart. die 8. 11 h. 18 / p. m. luna obtexit ſtellam boreo-orien- 
talem trapezii, quod eſt infra pedes aurigz. 12 h. 120 emerſit ſtella d 
regione Meflallz. Die 11. 7 h. 56/ 30“ veſp. luna obtexit ſtellam » 
Cancri; locus immerſionis erat contra Schikardum. Emerſio, quæ fuit 
contra Petavium, paulo tardius notata eſt gh. 2! 30%, acciderat autem 
proxime 8 h. 59/. 

April die 2. veſp. conjunctio lunæ cum Pleiadibus. 

8 h. 23“ 2“ luna obtexit ſtellulam borealiorem trianguli quaſi æqui: 
lateri, quod præcedit Pleiadas: locus immerſionis contra Phocyllidem. 
9 h. 271231 abſorbuit ſtellam claram, que eſt fupra Pleiadas ferme in 
rea linea cum Taygeta & Electra: locus immerſionis videbatur eſſc 
contra Cardanum. 9 h. 9/ 25 luna obtexit Taygetam, cujus _— 

I 0 


di 


X 


ene 
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ſio erat contra Cabæum prope cuſpidem lunæ auſtralem. 9 h. 18' 58 
immerſa eſt præcedens Aſteropes, contra Bartolum. 9 h. 257 27 
immerſa eſt ſequens prope Caſatum. Emerſiones non poterant videri 
ob nimiam undulationem lucidi limbi lunæ atmoſphæram ſubeuntis. 
Die 11. 8 h. 127 p. m. luna obtexit ſtellam » Leonis directe contra 
Schikardum, ſtante Meſſalla in vertice lunæ. Emerſit ſtella 9 h. 117 
zo“ paulo infra Langrenum, verticem lunz obtinente Mercurio. 
Nov. die 7. manè tranſitus lunæ per Pleiadas, cum borealium occul- 
tatione, ut ſequitur. 
h. U 17 : 
4 51 10 Immerſit Celæno contra Zucchium. 
4 53 6 Immerſit Taygeta contra Crugerum. 
5 17 30 Immerſit clara Aſteropes ſupra Ricciol. 
5 18 20 Immerſit Maja contra marg. occ. Schikardi. 
dub. 5 21 Immerſit ſequens Aſteropen contra Roccam. 
5 37 10 Emerſit Celæno recta contra Petavium. 
6 2 20 Emerſit Taygeta inter Langrenum, & mare Criſium. 
6 15 30 Emerſit Maja ad bor. Wendelini. 
Emerſio Aſteropes ob diluculum nequit videri. 
Eodem die veſp. 7 h. 30/ 34// ab luna occultata fuit x Tauri paulo 
infra Galilæum, quæ rurſum emerſit 8 h. 33' 15” paulo ſupra Lan- 
grenum. 
XXV. HE tranſit of the planet Mercury over the diſk of the Y mean mu- 
ſun, being one of the moſt curious and uncommon ap- % J Mercu- 
pearances that the heavens afford, our aſtronomers both at home and e — 
abroad made due preparation to obſerve with the utmoſt exactneſs 774 Jetermined 
that which happened on the 29th of October 1723, wnich I had pre- from bis paſ- 
dited in the year 1691 Phil. Tranſ. Ne 193. + would be in part vi- % ihe. 
ſible in England. And the ſky proving more than ordinary favoura- — — 57 
ble at that time, we were enabled to obſerve the ingreſs on the ſun's B. K alley, 
limb with the greateſt accuracy. | 2. 386. p. 228. 
Accordingly the fame day Octob. 29. ſtyl. vet. at Greenwich in Tol. * 
the Royal obſervatory, I firſt perceiv'd with my 24 foot tube, the C. IV. 5. c. 
planet making a ſmall notch in the ſun's limb at 26 4123“ t. app. And 
at 2 42' 26” he was wholly enter'd making an interior contact, the light 
of the ſun's limb juſt beginning to appear behind his dark body; which 
notwithſtanding the ſlowneſs of the motion was in a manner inſtantane- 
ous. Then applying the micrometer to the faid 24 foot tube, I open'd it 
ſo as to take in 16' 15” equal to the ſun's ſemidiameter at that time ; 
and cauſing the northern edge of the ſun to move exactly along one of 
the pointers, I waited till the center of Mercury came to move along 
the other, as I found it to do at 3® 1' 16” T. app. But refraction 
contracting this difference of declination about 5 ſeconds (the fun be- 
ing then but about 110 high) I concluded that the centers of the ſun 
and Mercury, were truly in the ſame parallel of declination at 3 3* 
t. app. proxime. — 4 
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At Wanſted in Eſſex my worthy collegue the Rev. Mr. James 
Bradly Savilian Profeſſor of Aſtronomy, obſerv'd with the Hugenian 
Teleſcope of above 120 foot long the total immerſion or interior con- 
tact of the limbs, at 2b 26' 45 t. æq. that is 2 42! 38" t. app. 
twelve ſeconds later than I found it at Greenwich; moſt of this dit. 
ference being due to the difference of our meridians. And applying 
the micrometer to that vaſt radius, he meaſured the diameter of the 
planet 10/43 //“ J. At 2h 48! 57'! he found the difference of decli. 
nation between the ſouthern limbs of the ſun and planet by the mi- 
crometer in a fifteen foot tube to be 157 19/7, Wherefore allowing the 
obſerv'd ſeminiameter of the planet and the refraction, the ſaid dif. 
ference was neareſt 15! go!', and conſequently Mercury more ſou— 
therly than the ſun's center in reſpect of declination of 45“. 

Mr. George Graham in Fleet-ſtreet London, obſerv'd the firſt im- 
preſſion on the ſun's limb at 2h 41! 9“ T. app. and at 2h 42! 19” 
Mercury was entirely within the diſk, At 3h 6! 41“ he meaſured 
with a micrometer in a twelve foot tube, the diſtance of his center 
from the neareſt limb of the ſun 2' 13'7. And again at 3K 25 24" 
their diſtance was found 337“. Ar zh 34 43 he meaſur'd the diffe- 
rence of declination from the northern limb of the ſun 14 57", which 
corrected by refraction becomes 15" 4”, that is, 1' 11” more northerly 
than the ſun's center. 

In the obſervatory at Paris Signor Maraldi obſerved the firſt ap- 
pearance of mercury on the ſun's limb at 2h go“ 13“ t. app. and the 
interior contact at 26 51' 48“. And Mr. de Lifle obſerving a-part, 
concluded the ſame at 2h 31“ 37”, but ſuſpects it might have been 
ſome few ſeconds later. This gentleman has communicated his ob- 


ſervation at large, from whence we ſhall only borrow the following 
obſerved latitudes. 


h * I 7 77 


At 2 56 30 latitudo borea mercurii 3 36 


3 00 40 3 42 
3 10 20 3 46 
3 16 12 3 55 


At Bononia in Italy Signor Manfredi obſerved mercury indenting 
the ſun's limb at 30 260 22“; and that he was gotten entirely within at 
36 27 45“. And theſe are the obſervations moſt to be depended on, 
that we have receiv'd from abroad. | 

In order to deduce from this phænomenon ſo accurately obſerv'd, 
what may contribute to the perfecting of the theory of mercury's 
motion, which (as appears by the near agreement of our numbers 
with this and many other obſervations of him ) ſeems to need but very 
little correction; I carefully computed from our tables, the motion 
of the planet in five hours, and found his apparent motion on the ſun 
to be in Jongitude 29* 21” retrograde, and that his latitude increas'd 
northerly 4 17+” in the ſame time; © whence the horary motion in 
longitude 5* 52”, and in latitude o' 51+”, and thence the angle of the 


1 viſible 
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viſible way with the ecliptic 8 19', and the horary motion in that 
way 5' 56”. Again the angle of the ecliptic with the meridian being 
in this place 73* 24, the viſible way of Mercury made an angle of 
659 5 with the meridian paſſing through the center of the ſun, whence 
the horary change of declination becomes exactly 2' 30”. 

Theſe data I chuſe rather to take from the theory than from im- 
mediate obſervation ; becauſe there is always an unavoidable though 
{mall uncertainty in what we obſerve, yet greater than there can be in 
the computation. for ſo ſmall a ſpace of time, eſpecially now the 
theory is as I ſaid before, ſo very near the truth. 

This premiſed, let us now enquire the true time of the central 
:ngreſs, and the latitude of the planet at that time. And firſt by my 
own account mercury was got into the parallel of the ſun's center 
21+ minutes after the central ingreſs, in which time he aſcended to 


the northward o' 54”, and ſo much therefore was he more ſoutherly 
than the ſun's center at his ingreſs. Mr. Bradly 74 minutes after the 
{aid ingreſs in which the planet aſcended o' 19“ found his declination 


o' 45” ſouth, and therefore at the ingreſs his declination was 1' 4” 
ſouth. And by Mr. Graham's obſervation mercury was more nor- 
therly than the ſun's center 1' 11”, 53' 20” after the central ingreſs; 
but in that time Mercury aſcended 2' 13“, wherefore according to 
him at the ingreſs the planet had 1' 2” ſouth declination. We ſhall 
not therefore err above a ſemidiameter of mercury, if we aſſume his 
veclination at that time to have been preciſely one minute. 

Now the ſun's ſemidiameter being then 16' 15”, one minute is the 
line of 30 32“ in the arch of the ſun's limb; and conſequently the 
point of this ingreſs was 13* 4' more_northerly than the ecliptic ; 
whence the latitude of Mercury was then 3* 40“ north, and difference 
of longitude 15' 50”, by how much he at that time follow'd the ſun's 
center. 

If therefore to the arch of 130 4' we add the double of 80 197, or 
of the angle which the viſible way made with the ecliptic, we ſhall 
have 299 42 for the point on the ſun's weſtern limb, at which the 
planet made his exit, likewiſe to the north of the ecliptic. Hence 
the chord deſcrib'd in the whole tranſit, was of 137 14', and the 
chord itſelf 30“ 16“; and the neareſt diſtance to the ſun's center 
5' 56”. Now the horary motion in this chord being 5' 56”, the whole 
duration of this mercurial eclipſe becomes gh 6' in reſpect of the 
center of the planet; and therefore the neareſt approach of their 
centers was at 5 14' 30” at Greenwich, and the exit at 7h 47' 4 both 
viſible in our American Plantations, had there been any curious per- 
ſon there qualified to obſerve them. 

It follows likewiſe by the obſerv'd diameter of Mercury, 10" 45 
that he was very little leſs than two minutes of time in paſſing the limb; 
and by the given neareſt diſtance to the ſun's center, it is concluded that 
he was in conjunction in point of longitude at g; h. 23' 15'/, having then 

| precuely 
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_ preciſely 6! oo“ north latitude. Nor can it be doubted but that 2 
this would have been found exceeding near to truth, had not the to, 


carly ſetting of the ſun deprived all Europe of the defirable fight. 
There being a very remarkable period of the motion of Mercury in 
46 years, in which time he makes 191 revolutions about the ſun, thi; 
tranſit of ours is found to have been preceded by two others at that in. 
terval : the firſt in the year 1631, when Gaſſendus at Paris, on the 26th 
day of October O. S. was the firſt that ever obſery*d this appearance of 
mercury within the ſun's diſk, and found him to paſs off at 10 h. 28 
mane. The ſecond was Octob. 28. 1677, when myſelf had the good 
fortune to obſerve both the ingreſs and egreſs of the planet in the iſland 
of St. Helena, the middle time when he was neareſt to the ſun's center 
being there but 3! 50// paſt noon, and the viſible duration of the tranſit 
of the center of the planet 5 h. 14! 20”, which was ſome ſmall matter 
contracted by parallax, and moſt likely might have been 5 h. 15! O0 
without it. Now in g h. 15! Mercury deſcrib'd the chord of 146* ;2/ 
in the ſun's limb, being 31 9!!, and conſequently the neareſt diſtance 
to the center was 4 38“, or the ſine of 16? 34' the ſun's ſemidiameter 
being radius: that is 1118“ leſs than we found it in 1723. Hence alſo 
it follows that the true conjunction in longitude was 7 min. of time later 
than the neareſt approach of the centers, viz. at o h. 1o! 30 / at St. He. 
lena, or at o h. 35! paſt noon at Greenwich; and that the north lati. 

tude of the planet at that time was 4! 41/7. 

Suppoling therefore the neareſt diſtance of the centers in the tranſit of 
1631 to have been 3! 20“, that is, 1/ 18“ leſs than in 1677, we ſhall 
find that Mercury then deſcrib'd a chord of 156* 20!, traverſing the 
diſk of the ſun in 5 h. 217 30/7; ſo that ſuppoſing his exit at 10 h. 20 
at Paris, that is, 10 h. 187 40% at Greenwich, he enter'd on the ſun at 
4 h. 57! 10% in the morning; and was neareſt his center at 7 h. 38! 
t. app. but in the ſame longitude with him at 7 h. 43', or Octob. 27. 
19 h. 43/7 t. app. having then 3! 22!! north latitude. 

And here I think I may without vanity advertiſe the reader, that 
above thirty years ſince, viz. in Philoſoph. Tranſ. Ne 193. J for the 
month of March, &c. 1690-1, I predicted by help of the two former 
this laſt tranſit, with a ſurprizing exactneſs even beyond my hopes, 
making the time of the middle or neareſt approach of the centers of 
the ſun and Mercury, anno 1723 Octob. 29% 5 h. 197 t. app. which 
we found by obſervation at 5 h. 14/3, only 415 minutes ſooner ; and 
in latitude Mercury was but ſix ſeconds more ſoutherly than I then 
had computed it; the error in longitude being little more than two dia- 
meters of this exceeding ſmall planet; and in latitude but a ſingle ſe- 
midiameter thereof. So that for the future aſtronomers may truſt my + 
table of theſe tranſits to a few minutes of time, and not wait with the 
uncertainty of hours, nay days, as has lately been done. 


But in order to obtain a yet further degree of exactneſs by help of 


this obſervation, it may be moſt expedient to compare with it the in- 
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ſs 1 obſerv'd at St. Helena; becauſe in that as well as in this the 
— 45 of the planet being very ſmall, a little error in them will not 
ſo much affect the longitudes. Suppoſing therefore that anno 1677 
Octob. 27. 21 26“ 15” at St. Helena, or 21 50! 15" t. app. at 
Greenwich, the center of merc entered on the ſun, and that at 
that time he was 8+ degrees on the ſun's limb, to the north of the 
ecliptic ( according to what is above concluded ) it follows that he 
had then 2! 20/! north latitude, and 16 5" greater longitude than 
the ſun's center; as in this preſent tranſit Octob. 29. 2h 41' 30“ 
t. app. at Greenwich, he had 3' 40% north latitude, and 15! 5of! 
more longitude. | 

Now the apparent geocentric differences of longitude, are to th 
real heliocentric differences, as the planet's true diſtance from the 
ſun, to his diſtance from the earth; that is in both caſes, as 313 to 
676; wherefore in 1677 mercury wanted 34! 45// of the conjunction 
with the ſun; and in 1723 but 34' 13", at the times of his apparent 
ingreſs on the diſk. And equating the times I find that the ſun, 
anno 1677, Octob. 254 21h 34' 200/ t. æq. was, in m 159 36 55) 
and conſequently mercury's heliocentric place & 13 21 10": and 


anno 1723 Octob. 294 2h 25! 30” t. æq. the ſun was in m 16% 39' 43” 


and therefore mercury at that time in 8 16® 5! 30%. 

Mercury therefore in 46 years with 11 intercalations, and beſides 
14 4h 51 10” has made 191 revolutions to the equinoctial points, and 
over and above 1 f“ 20. But by the ſcholion to prop. XIV. 
lib. III. natur. philoſoph. principia math. the motion of the aphe- 
lion of mercury from the equinox in that time is 400 187“; ſo that 
there remains 23' 2” of true anomaly to be reduced to the mean: 
Now the mean anomaly of mercury in both caſes being 5 ſig. 
129 23' 2" of true anomaly gives 15' 24” mean anomaly ; which ad- 
ded to 40' 18” becomes 55 42” for the mean motion above ſo many 
revolutions : and this is to be increaſed by 8” to reduce it to the plane 
of mercury's orb in all 55' 0“. | 

Hence doubling the interval in 92 Julian years 1% 95 42'20”, the 
mean motion of mercury from the equinox is C 1® z1' 40”, from 
which taking 3 44' 30 the motion in 14 9h 42' 20”, we have his mo- 
tion in 92 Julian years 11* 269 6' 50”, and in 100 years 2% 14 2' 13", 
which is but 20“ more than I had ſome years ſince printed it, in my 
aſtronomical tables ſhortly to be publiſhed, and-differs but one hour's 


motion therefrom in 3000 years. 


The forementioned proportion of the diſtances, viz. 313 to 676, 
is alſo between the latitudes ſeen from the earth and the inclinations 
or heliocentric latitudes of the planet: fo that 2' 20” at the ingreſs 
of 1677 gives 5' 2“; and 3“ 40 in 1723 becomes 7' 55” for the la- 
titudes at the ſun. And the inclination of the orb of mercury to the 
plane of the ecliptic (determined by accurate obſervations near his 
northern limit) being 6* 59* 20”, we-compute the diſtance of the 
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planet from his node, in the former o 41' 7”, and in the latter 
1* 4' 37; which being deducted from his heliocentric places reſpe. 
ctively, leave the place of the aſcending node in 1677, 8 14 21' 3”; 
and in 1723, & 15% o“ 53”: fo that in 46 years the node is found 
39' 50“ forwarder in the ecliptic 3 which is but 1' 30“ more than the 
præceſſion of the equinox in the ſame time. We may therefore ſafely 
aſſume the plane of the orb of mercury to be immoveable in the ſphere 
of fix'd ſtars, and its aſcending node to be o 15* 41 from the firſt 
ſtar of Aries. Nor can ſo very flow a motion ( ſuppoſing ſuch to be 
be fully defined, but by the utmoſt care and diligence of future 
aſtronomers, after the obſervation of many ages. 

As to the reſt of the theory of this planet's motion, I make his 
mean diſtance from the ſun 38710 ſuch parts as the mean diftance of 
the ſun and earth is 100000; and his greateſt equation 23 42' 37”, 
The epocha of his middle motion ineunte anno 1723 ſtyl. vet. from 
the equinoctial point I make 2 19* 9' 31”; and that of his aphelion 
to the ſame time 1 13® 3' 34”: the aphelion moving ſecundum ſeriem 
ſignorum ſeven minutes in eight years. And theſe numbers I preſume 
may repreſent the motion of mercury, with an exactneſs equal to 
that of any of the other planets ; perhaps as near as the ſun's 
place by any tables, or thoſe of the fixed ſtars by any catalogue 
yet extant, | 

It were to be wiſhed that ſome good obſervation like this had 
been made of the like tranſit of mercury at his other node in April, 
where he was ſeen indeed April 23 1661, but ſo imperfectly that 
neither ingreſs nor egreſs was any where obſerv*d ; and though it be 
certain that he traverſed the ſun on April 26 1674; and again 
April 24 1707, yet we were ſo unfortunate that the conjunction in 
both ona! ſo near midnight, that he eſcaped unſeen by all the 
aſtronomers of Europe excepting ſingly Mr. Roemer at Copenhagen, 
whoſe obſervation I have lately received by the favour of Mr. De 1” Iſle 
the aſtronomer, communicated in the words of the manuſcript jourm! 
of obſervations of the ſaid Mr. Roemer. Hodie ſexto Mai 
(anno 1707) hora matutina 4 197 ſpectabatur mercurius in ex- 
** tremo margine ſolis jamjam exiturus; altus ſupra imum ſolis mar- 
** ginem + diametri ſolaris, & ad ſiniſtram in tubo (ſc. invertente 
V accuratius hæc determinare non licuit ob moram nimis brevem.” 
It was great pity that he did not at leaſt eſtimate how many diameters 
of his body he was diſtant from the limb of the ſun, or what part of 
a diameter, if ſo near: but having examined this obſervation, I find 
that the-ſun at that time was but juſt riſen or rather riſing, and ſoon 
after entred into a cloud, ſo that the limb of the ſun could not be di- 
ſtinctly ſeen, it always undulating and ſparkling much when ſo near 
= 42 z in which circumſtance a juſt obſervation could hardly 
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Let us now ſee how our numbers corrected as above will repreſent 
this obſervation. Anno 1707, April 24 16" 19“ at Copenhagen is 
15h 28' at Greenwich, but 15h 24' 20” t. æq. To this time I find 
the ſun's true place & 14% 50“ 1”, and his diſtance from the earth 
191005. The correct epocha of mercury's mean motion for the 
year 1707 is 3* 13* 18“ 45”, to which adding for the reſt of the 
time 3* 19? 9“ 28”, we ſhall have his middle motion at the time of 
the obſervation M 2* 28” 13”; and taking his Aphelion in 2 12* 4949“ 


.therefrom we have his mean anomaly 10* 19? 38“ 24”, and thereby 


the equation to be added 12* 39' 41”, and thence the place of 
mercury in his orb M 15* 5 54”, But the correct place of the de- 
ſcending node is m 14 46' 25”, and therefore mercury being 21 29” 
paſt the node, had 2' 36” ſouth latitude at the ſun ; and his place 
reduced to the ecliptic, was M 15* 7 45”, that is 17' 44” paſt the 
conjunction of the ſun, which diminiſhed in the proportion of 5567 
t0.4533, or of the diſtance of the planet from the earth to his di- 
ſtance from the ſun becomes 14' 27“; and by ſo much was he paſt 
the conjunction as viewed from the earth. Again, by the ſame pro- 
portion, his geocentric latitude. at that time was 2' 7” ſouth; and 
therefore his apparent diſtance from the ſun's center was 14' 37“; 
that is but 1187 from his weſtern limb; ſo that he might well be ſaid 
to be jamjam exiturus.“ 

But that mercury ſhould at that time be fo far northerly as Mr. Roe- 
mer's words import was abſolutely impoſſible; and I am apt to believe 
that ſo acute an aſtronomer as Mr. Roemer was, could not himſelf be 
the obſerver, but ſome perſon leſs acquainted with theſe matters; which 


the words **ſpectabatur mercurius* inſtead of **mercurium vidiꝰ ſeem to 


import. If he had then had north latitude, he muſt needs have been 
ſeen in the ſun in April 1720, which we are aſſured he was not. ; 
Laſtly, it may not be amiſs to advertiſe that on the laſt day of Octo- 
ber 1736 mercury will again traverſe the northern part of the ſun's diſk, 
both ingreſs and egreſs being viſible to all Europe 


XX VI. 1724. June 23d, 10 h. 15 Saturn follow'd a ſtar (in Senex's 
zodiac, but without any diſtinguiſhing mark) 313 of r. aſcenſ. in 
time, and declin'd from it S. 40“. | 

June 25, 10 h. o/ Saturn followed the ſame ſtar 13! of r. aſcenſ. 
in time, and declined from it S. 30 or 4 © 


nly. 
1725. Decemb. 17, 8 h. ol Jupiter ente r. aſcenſ. 
in time, and declined from it S. 11! 4. 
Ii 2 XXVII. Die 
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Obſervation; 
of Saturn 2 
Jupiter made 
at Southwick 
in the county of 
Northampton 


2 G. Lynn 
7. 393. 

p. 67. March, 
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Obſervations 
of Mars and 
enus i172 
& 1726. made 
at Toulon. By 
Ant. Laval. 


1. 394. p. 101. 
May, &c. 1726. 


Obſervations 
made at Bo- 
logna in 1727. 
By Euſt. Man- 
fredi, u. 404. 
p. 534. Oct. 
1728. 


Of a comet 
ſeen at Berlin 
in 1718. By 
Mr. Chriſtfrid 
' Kirck, ». 375. 
p. 238. Jan. 
&c. 1723. 


cometa & 6 Caſſiopeæ ad ſenſum erant in linea recta. 


Of a Comet ſeen in 1718. Part 1, 


XXVII. Die 18. Jan. 1726. Martis occultatio a luna, temp. ver, 
hor, 7. min. 23. veſp. Non fatis certa. 
Emerſio Martis h. 8. min. 21. ſec. 34. certa. 
Altitudines meridianz apparentes Veneris. 


1725. ä . 
Mart. 20. Dee. 7. 23 59 30 
April 21. e Dec. 21. 28 21 » 
Mai 8. 59 35 o Dec. 24. 29 30 o 
8. 4 30 30 1726. 

21. 37 57 o Jan. 9. 36 29 o 

24. 36 26 30 19. 41 19 © 

Ottob. 18. 26 28 45 31. 4&7 ©: 24 :'6 

Nov. 8. 21 50 © Febr. 3. 48 40 30 
XXVIII. 3 


1727. 9 Mar. 8 50 6 Emerſit ſpica Virginis a limbo lunz obſcuro. 
18 Sept. o 27 21 Incipit Venus occultari poſt limbum lunæ 
obſcurum. 

o 28 13 Immerſio totalis 2. 

1 16 45 Incipit 2 emergere è limbo ( lucido. 

1 17 50 Emerſit tota. 

1 46 24 Nunc limbus præcedens C illuminatus præ- 
cedit 2 in circulo horario 21!! temporis ; & limbus borealis C item 
illuminatus eſt auſtralior 2 29'! temporis. | 
XXIX. Onere hic debeo obſervationes cometæ a me inventi in 
novis literariis Lipſienſ. non eſſe accuratas; primo qui- 
dem cum eas tantum amico cuidam feſtinanter tranſmiſerim ut etiam 
ille cometam quzreret ; deinde, cum etiam vitium typographicum ir- 
repſerit; nam die 23 Januarii mane cometa cum q & o Caſſiopeæ (non 
vero & & 8) conſtruebat triangulum æquicrurum; & veſperi e Perſei, 
Pleniorem co- 
metz hiſtoriam jam paratam habeo, ex qua hæc breviter attingam. 
Obſervavi eum a die 18 Jan. ad 5 Februarii. Loca ejus ex obſervatio- 


nibus ad horam 10 veſpertinam cujuſque diei quo cometa obſervari po- 
tuit reducta hæc tabella exhibet. | 


—_ 


- 


Longitudo. | Latitudo. | 

3 0 ! 25 5 

18 Jan. 27 26 S | 69 18 S. 

21 Jan. 16 25 W 48 42 8. 
78 Jan. 9 1 8 39 45 85 

26 jan. n ES| 
27 Jan. e d 
28 Ian. ee. 
30 "Jan. n f 28 '23t5. 
31 Jan. LETT UT 27 40% 
I 
2 Febr. rn 

$ 5 Febr. 1 39 K | 24 53 S. | 
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Via ejus tranſit ſupra tergum urſæ winoris prope polarem, per 
crura & genua Cephei, Caſſiopeæ & Andromedæ. Nodus ejus deſcen- 
dens fuit in 21 4 gradu Arietis cum aliqua mutatione : angulus orbitæ 
cometicæ & eclipticæ 69 + grad. circiter, etiam cum aliqua variatione. 


| Via cometz 2 fere gr. à polo mundi tranſit, & æquatorem ſecavit in 


20 3 gr. a puncto æquinoctiali. Perigzum cometæ fuit in 6* 6' nx. cum 
latirudine ſeptentrionali 62* . Cometa in perigæo fuit, d. 18 Jan. 
hor. 3. Min. g. mane. Motus cometz diurnus in orbita propria, in 
perigæo (12 ſcilicet horis ante, & 12 poſt perigzum) 2287 ultimis 
vero diebus apparitionis 32%. Suppoſita terra quieſcente & cometa in 
recta linea trajiciente, motus cometæ fuit 391 partium, qualium diſtan- 
tia minima cometæ A terra 1000, De parallaxi cometz nihil certi affir- 
mare poſſum, niſi quod multum ſupra lunam fuerit elevatus cometa. 
Probabiliter vero conjicio illum intra planetarum orbes exſtitiſſe, imo 


in perigæo multo propiorem nobis fuiſſe Martis ſphærà. Sit enim ſe- 


midiameter orbitæ terræ 10000 partium, erit ita motus diurnus Martis 
139 vel 140. Si vero cometam in orbita Martis exſtitiſſe ſuppono, cum 
latitudine 62 & motu diurno 227 8“ ejus velocitas eſſet 2847 partium, 
li ſcilicet ſimul fuĩſſet in oppoſitione ſolis; cum autem differentia longi- 


tudinis ſolis & cometæ in perigæo tantum fuerit 141 40“, motus diur- 


nus cometæ evadit 3200 part. & proportio motus cometæ ad motum 
Martis ut 23 ad 1. Quare colligo cometam intra ſphæram Martis ex- 
ſtitiſſe. Si vero quis cometam ad Saturni orbitam evehere vellet, debe- 
ret ĩpſi velocitatem tribuere que eſſet ad velocitatem Saturni ut 600 
ad 13 & quod uno die majus ſpatium percurriſſet quam terra dimidio 
anno abſolvere ſoleat. Ne dicam de diametro cometæ quæ non multo 
minor exiſtere debuiſſet tribus diametris ſolis. 

Comparationem inſtitui hujus cometæ cum aliis, & invenio cometam 
quem Regiomontanus anno 1472 vel 1475. menſe Jan. & Febr. obſer- 
vavit viam tenuiſſe non multo diverſam a via noſtri cometz ; tranſiir 
enim per urſam minorem & Cephei femora, per pectus vel collum Caſ- 
lopez & cingulum Andromedz ; ac velocitas ejus maxima uno die fuit 


40 grad. Anno 1556 alius cometa eſt obſervatus cujus nodos Came- 


rarius in 119 & F ponit, & qui prope pedes. urſe mmoris per Ce- 

pheum, ſupra Caſſiopeam, & per partes 1 4 * Andromedæ tran- 

it, motu valde veloci in perigæo. Quod fi Regiomontanus cometam 

anno 1475 obſervavit, (de quo tamen aſtronomi valde dubitant) admi- 

rabilis eſſet convenientia inter hoſce tres cometas: intervallum enim 

prioris a medio eſſet 81 annorum, & à medio cometa ad ultimum 16 

ann. ut ita revolutio cometæ poſſet eſſet 81 annorum; nec etiam hiſto- 

na aliorum cometarum hiſce male reſponderet. ⸗dtͤ 
XXX. 1. HE ſmall comet which was ſeen in theſe of — 5 — 
Europe in Oct. Nov. and Dec. 1723. was firſt obſer- hat appear'd 
ed in England by Dr. Halley on Oct. 9 between 7 and 8 in the eve- in 1723. By 
ning, it appearing then to the naked eye not much unlike a ſtar of the {2* fe. Me. 


wird magnitude. Looking at it thro? a teleſcope he faw ſowe ſmall rig 


a 41. March, 
1 tele ſcopical 1724. 
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teleſcopical ſtars near it, whoſe ſituation he noted together with the 
cometꝰs, in order to ſee which way it tended. About 9 he again view. 
ed the comet, and found it conſiderably moved from its former ſtation, 
having now paſſed a ſmall ſtar which at the time of the firſt obſervation 
was on the other ſide of it. Comparing the two ſituations of the come 
together he perceived that its apparent motion at that time was about 
8' or 9“ in an hour in a direction towards Sagitta, and that it paſſed 
very near if it did not wholly eclipfe the forementioned ſmall ſtar, 
whoſe place he afterwards found to be in * 95922" 15” with ge 2! N. 
lat. From the fituation of the comet at the time of the firſt obſeryz. 
tion, he judged that it was in conjunction with the ſtar at 8 h. 5! equa] 
time. Note that the equal and not the apparent time is likewiſe 
made uſe of in all the following obſervations. N eln 

The next day he communicated to me what he had obſerv'd, where. 
by I was enabled the night following to ſee the comet at Wanſted. 
The clouds hinder'd me from obferving it as I deſign'd, but f had time 
enough to meaſure its diſtance with a micrometer in a teleſcope of 7 foct 
from a ſtar in Aquarius marked : by Bayer. At 6 h. 21! the obſerve 
diſtance between this ſtar and the comet was 113 330, and a great 
circle paſſing thro? the ſtar and comet made an angle with the vertical 
circle of 60 4. The comet was more ſoutherly and weſterly than the 
ſtar. By this obſervation the comet preceded the ſtar in r. aſc. 10 2! 500, 
being 39" 5/! more ſoutherly ; ſo that the comet's r. aſc. was 30% 6! 400 
and its decl. 11˙ 8113/0 8. 5 Stele } | 

The place of « here aſſumed is according to the Britiſh catalogue, 

as are alſo the places of the other ſtars hereafter mentioned from 
which the comet was obſerved; | The r. aſc. and decl. which are her: 
ſet down of ſeveral ſmall ſtars that are not in that catalogue, were de. 
termined. by obſerving the differences of r. aſc. and decl. between thoſe 
{mall ſtars and others that were in the catalogue, and had nearly th: 
ſame declinations. 5 | | 

The fame evening at 7 h. 3! a ſmall ſtar that was more- eaſterly 
than the comet, and had about the ſame declination with it, was di- 
ſtant from it 330 40//. About the ſame time another ſmall ſtar that 
had nearly the ſame r. aſc. with the comet, but was more ſoutherly, was 
diſtant from it 394 58. The places of theſe two ſtars I have not yet 
obſerved. 1 | | 

The next night proved cloudy, ſo that 1 could not ſee the comet 
again till October 12, when (the air being very ſerene and clear) 


we had an opportunity of comparing it with two or three ſmall ſtars 


chat were near it, my uncle the rev. Mr. Pound aſſiſting in this and 


moſt of the following nights obſervations. 
At 5 22' a ſmall ſtar-whoſe right aſc. was found 304* 40' 23" and 
its decl. 7 8' 22“ S. preceded the comet in r. aſc. 26' 21” being 10' 42” 


more northerly. Hence the comet's right aſc. was 305* 6' 44” and 1t 
Ceca 77 ghd 29006; fo ho, 2 et coat 


At 


At 8h go the comet was in the ſame parallel of decl. with another 

{mall ſtar, whoſe right aſc. was found 30ge 9“ 56” and its decl. 
13.200 S. and preceded the ſaid ſtar 6. 20“ in right aſc. Hence 
che right aſc. of the comet was 303 3“ 36” and its decl. 20 13' 20” S. 
Theſe obſervations were made withja teleſcope of 15: foot furniſhed 
with a micrometer, as were alſo all thoſe of the following nights. 

The next night October 13. 6 58“ the comet followed a ſmall 
tar 4 10” in right aſc. being more northerly than the ſtar 11 43. 
The clouds did not permit us to obſerve the place of this ſtar; but i 
right aſc. mult be about 304 22 and its decl. 69 10'S. | 

October 14. the comet was near two, ſtars which are the 66th and 


67th of Aquila and Antinous in the Britiſh catalogue, and at 8* 57! 


i followed the ſouthermoſt of them 2037“ in right aſc. being 2918 

more ſoutherly. Hence the comet's right aſc. was 303% 49" 10 and 

its decl. 443154 S8. * 
October 15. 6* 35' the comet preceded the northermoſt of - the ſaid 


E ſtars 23" 6“ in right aſc. being more ſoutherly than the ſtar 4 15”, 


Hence the right aſc. of the comet was 303 24 40“. Its, dech 


351138. | 


100 4 } 41 [ 2 107 4; all 
October 21. 6* 22“ a ſmall ſtar whoſe right aſc, was found 
301*7" 17”, and its dec], o 11/59”. S. preceded the comet 41 6” in 
right aſc. being 3 50“ more ſoutherly. Hence the comet's right 
alc. was 3012 48“ 23” and its decl. o 6“ Ss. 1 
October 22. 6 24 a ſmall ſtar whoſe right aſc:; was ſound 
301* 394)“ and its decl. o 32“ 43” N. followed the comet # a 
ninute in right jaſc. being 13“ 43 more , northerly. Hence the 
comet's right aſc. was 301 39 17“ und its decl. o 19” o” N. 
October 24. 8 2* a ſmall ſtar whoſe right aſc. was found 
101* 24' 57” and its decl. 19“ 22” N. preceded the comet o“ 37“ in 
ght aſc. being 5” 12” more northerly. Hence the comet's right 
alc. was 301% 25' 34 3 and its decl. 10 4 40% NN. 1 
October 29. 8˙ 66“ a ſmall ſtar whoſe right aſc. was found 
01 6' 20” and its decl. 29 51! O N. preceded the comet one mi- 
nute in right aſc. being 23 40“ more northerly. Hence the comet's 
ight aſc. was 301 20, and its decl. 20 27 20 N. 
October 30. 6* 20. The ſame ſtar had exactly the fame right 
ic. with the comet, being 11“ 33“ more northerly. Hence the 
comet's right right aſc. was 301? 6' 20” and its decl. 29 39' 27” N. 
November 5. 5* 53'-a ſmall ſtar whoſe right aſc. was found 
00 35* O' and its decl. 3% 45 30” N. preceded the comet 33. O“ 
n right aſc. being 2. 8“ more ſoutherly. Hence the comet's right 
uc. was 301 8“ ©” and its decl. 3 47' 38” N. (te antl 
November 8. 7* 6' a bright ſtar (placed by Hevelius in roſtro 
Aquilæ, but not inſerted in the Britiſh catalogue) whoſe. right aſc. 
it this time was found 3029 21', 30” and its decl, 4* 28' 40” N. fol- 
owed the comet 17 40 in right aſc. being 13' 3” more nrotherly. 
; Hence 
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Hence Is right aſc. was 301% 13' 50“ and its decl. 
*15' 37 N. 

L e 14, 6' 20'a ſtar whoſe right aſc. was found 3012) 100 

and its decl. 4 59* 40“ N. preceded the comet 5 35” in right aſc. be. 

ing 5' 5o” more ſoutherly. Hence the comet's right aſc. vu 

301% 32! 45 and its decl. 30 5' 30“ N. 

Dr. Halley and Mr. Graham continued to obſerve the comet til! 
November 20, and according to both their obſervations that evening 
at 7 h. 45 the comet followed g in collo Aquilæ 6* 33' 55” in right 
aſc. being about 4 more notherly than the ſtar. Hence the comet' 
right aſc. was 301% 59! go, and its decl. 5* 48' 55” N. 

The light of the moon ſtill increaſing prevented them from making 
any more obſervations, the comet being by this time grown ſo faint a 
to become in a manner imperceptible while the moon ſhone bright, 
And the faint appearance which it made before the moon obſtructed 
the ſight of it, gave little hopes of its being to be ſeen again after the 
full moon. Notwithſtanding which on December 3. (being then near 
Cirenceſter in Gloceſterſhire) I was tempted by the ſerenity of the eve. 
ning and the uſe of a very good teleſcope of 10 foot, to look for it 
again before the moon rats and I found it among ſome ſmall teleſco- 
pical ſtars, but it appeared ſo faint and dull as made it doubtful whe- 
ther what I took for the comet might not be a ſmall ſtar with a little 
hazineſs about it. But this doubt was cleared two nights after, when 
I perceived that the comet was moved from its former ſituation towards 
a bright teleſcopical ſtar, from which I afterwards took its difference 
of r. aſc. and decl. open my return to Wanſted on Dec. 7. This ſtar's 
r. aſc. was then found 303 39! 20/, and its decl. 7 32! 30 N. And 
Dec. 7. 6 h. 45! the comet followed it 3/ 15” in r. aſc. being 14! mor: 
northerly than the ſtar. Hence the comet's r. aſc. was 30342 33/0, and 
its dec]. 7 46! 30“ N. This was the laſt night that I ſaw the comer, 
tho? I believe I might have continued to have obſerved it, had not an 


uninterrupted ſucceſſion of cloudy evenings prevented ſo long that it 


became uncertain where to look for it. 

The forementioned obſervations are the principal of all that: were 
made at Wanſted, and moſt of them being taken from ſtars which are 
not in the Britiſh catalogue, whoſe places therefore are here determis'l 
only by comparing them with ſome that were, it cannot be ſuppoſed 
that the comet's places deduced from them are altogether exact. For 
which reaſon I have all along ſet down not only the place of the 
comet and ſtar where it was known, but alſo the particulars of the ob- 
ſervation, that if any hereafter ſhould be willing to examine the tract 
of this comet more nicely they may know where to find the ſtars from 
which it was obſerved. The places of the ſtars here ſer down are 
abundantly ſufficient for that purpoſe, as will appear from the fol- 
lowing table, which contains the longitudes and latitudes of the come! 


deduced from the foregoing obſervations, together with its places cal 


culated 


deſcribe a 
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culated from the theory of gravity for the times of obſervation on the 
ſeveral days therein mentioned, as alſo the differences between the ob- 
ſerved and computed places. Thoſe differences not exceeding one 
minute, ſhew that the obſervations are not only conſonant to each other, 
but that the places of the ftars are likewiſe near the truth, fince the 
comet's places deduced from them are found all along to agree ſut- 
ficiently near with the theory of gravity ; the truth of which having 
long ſince been eſtabliſhed by its great author Sir Ifaac Newton and 
my worthy collegue Dr. Halley, needs not the confirmation of fo 
ſhort a ſeries of obſervations as was made of this comet. But ſhort 
as it is, I preſume 'twill be no eaſy matter to account for the obſerva- 
tions with the ſame degree of exactneſs any other way than by that 
theory, according to which the following computations are made. 


. _IComet. long.] Lat. bor. Comet. long | Lat. bor. [Differ. [Differ- 
. | * obſervat. | obſerv. comput. © comput. long. 

9 R . / 
— — ͤ- — — 
7 22155 2 9 7 21 2665 247 9E 47 
6 41 12 7 44 6 41 42 7 43 18 300 '55 
5 39 58]11 55 5 40 19] 11 54 554— 27 5 
4 $9 49114 -43 5 0.3714 44 I 8 * 
4 47 41115 40 4 47 4515 % 5 4] 
4 2 32119 41 4 2 2119 42 11, 
3 369 2420 8 3 59 toz20 8 17 DW 
3 55 2920 55 3 55 11;[20 55 9] 180 
3 55 17422 20 3 56 42122 20 10 25 + 
3 58 9122 32 3 58 17 22 32 12 * 
4 16 30/23 38 4 16 2323 38 7 A man 
4 29 36124 4 4 29 54124 44 18 — 
5 216024 48 5 2 51124 48 16]... 35]4+- 
5 42 1 24 5 43 13125 25 17— $3] 
Cd OY I IE IE 


In order to determine the orbit of this comet I ſuppoſed it to 
la agreeable to what is delivered in the third book 
of Sir Iſaac Newton's priticip. math. and then I found the inclination 
of the plains of the orbit and ecliptic .49® 59'. The place of the aſ- 
cending node Y 1416. The place of the perihelion 5,129 52! 20”. 
The diftance of the perihelion from the node 289 36' 20”, The loga- 
rithm of the perihelion diſtance. 9.999414. The logarithmr of the di- 
urnal motion 9.961007. The time of the comet's being in its perihe- 
lion, Sept. 16. 16 h. 10“ equal time. In its orbit thus ſituated the 
2 of the comet was retrograde, or contrary to the order of the 
Sns. | : 
From theſe elements by the help of Dr. Halley's general table for 
comets (to which they are adapted) I computed the places in the fore- 
going table, which agreeing with the obſerved places as near as the 
obſervations themſelves agree with one another, ſhew that it would 
be a vain attempt to pretend ta determine the true ellipſe in which 
Vol. VI. PART I. K k this 


249 


250 


The 7 06- 
ſerved by the 
R. H. the Lord 
Paiſley,to Mr. 
G. Graham, 
ibid. p. 50. 


Fig. 112, 113, 
114. | 


Of a Comet ſeen in 1723. Parr I, 


this comet moves or its periodical revolution, from ſo ſmall a part of 


its orbit as that was which it deſcribed between the firſt and laſt of the 


foregoing obſervations; this therefore mult be left to poſterity, eſpe- 
cially ſince it is certain that this comet is not one of thoſe of which 
obſervations have hitherto been tranſmitted to us ſufficient to de- 
termine the ſituation of their orbits. 

The nucleus of this comet was very little, for it appear'd but of a 
ſmall diameter when I firſt ſaw it, altho' it was then above three times 
nearer to the earth than the ſun 1s at its mean diſtance. Its tail was 
then hardly diſcernible with the naked eye, but thro” a teleſcope one 
Gn. a perceive a faint light extending itſelf above a degree from the 

y. 


I have not yet heard that this comet was ſeen before Oct. 6. altho it 
was in a proper ſituation to have been obſerved in the morning moſt 
part of Sept. eſpecially from the time it was in its perihelion till near 
the end of that month. For about that time it croſſed the milky-· way 
between the maſt of the ſhip and the head of the great dog, paſſing 


between the bright ſtars in the body and tail of the great dog towards 


the head of the dove, where it was about Sept. 29. being by that time 


got ſo far towards the ſouth-pole as not to riſe above our horizon. 


rom thence it paſſed under the tail of Xiphias within about 137 of the 
ſouth pole of the ecliptic, and moving on between the head of Hydrus 
and the bright ſtar in Eridanus called Acarnar, it went by the ſtars in 
the body and neck of the Crane about Oct. 5. when it came again above 
our horizon. From hence paſſing under the tail of the ſouthern fiſh, 
and between the ſtars in the ſhoulder of Capricorn, it croſſed the eclip- 
tic Oct. 8. in about 8* f of Aquarius. From thence it moved on by 
the hands of Aquarius and Antinous towards the head of the Eagle, 
according to its courſe before deſcribed. 

The comet was in oppoſition to the ſun Oct. 1. when it had near 74 
S. lat. and alter'd its long. two ſigns in a day. About Oct. 3. it was in 
its perigæon or neareſt diſtance to the earth, being then almoſt ten 
times nearer to it than the ſun is at its mean diſtance; and its apparent 
motion was then about 20 in a day; and when J laſt ſaw it, it was 
above twice as far off as the ſun. 
XXX. 2.JD Eing at Witham in Eſſex, and having the advantage of 
| a very clear ſky, I firſt diſcoyer'd this comet on Friday 
the 11th of Oct. about 7 in the evening; it then appeared not much 
unlike a ſtar of between the 4th and 5th magnitudes, but a hazinels 


round the head and ſome light ſtreaming from it on that ſide that was 


oppoſite to the ſun induced me immediately to look upon it as a ſmall 

comet; which my obſervation the next evening abundantly ſatisfied 

me of. I was very particular in obſerving its appearance repreſented 

by the three annexed figures on three ſeveral nights, viz. the 11th, 

13th and 15th of the ſame month; ſome time after which the tail be- 

came ſo inconſiderable as hardly to deſerve any farther deſcription, ” 
| Wi 
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will be readily judged from the decreaſe of it between the 11th and 
f 15th days of the month. The tail was viſible on the 11th to near a 
degree's diſtance from the body, as I found by comparing it with ſome 
known diſtances in the heavens ; it was of a duſky light, not unlike a 
. cloud, growing darker and darker towards its extremity, as is expreſ- 
e ſed in the firſt figure, where as well as in the two following the white 

ſpeck in the head is intended to expreſs the brightneſs of a ſmall ſtar ; 
a So the compariſon of whick with the tail, the brightneſs of the latter 


. may in ſome ſort be collected: the tail appeared ſharper, and not ſo 

4 much ſpread in the two following obſervations, and in the laſt did not 

F exceed one third part of the firſt length; it was then of a much darker 

6 colour, which made the difference between that and the head more ob- 

| ſervable, the head yet appearing ſufficiently bright. 

\ XXX. 3. I E 17 Octobris, poſtquam jovialium comitum ſitum Tye ror 06 

obſervaſſem forte in conſtellationem capricorni ocu- . 

los conjeci z cumque aſtra ſingula percurrerem, in quamdam veluti 47 Albani, 75 

J nebuloſam ſtellam incidi ceteris ſane grandiorem, quam tamen ibidem J. B. Carbone, — 

5 loci numquam antea obſervaram. Rei novitate perſcrutaturus, eo te- %%. 5. 51. 
leſcopium direxi, ſtatimque cometen eſſe deprehendi; ſiquidem te- 

b nuiſſimæ nebulæ globus apparuit, ejuſque in medio veluti lucidus 

5 nucleolus. Idem quoque nudis oculis diſcernere licuit; & præter 

a nebulam ſeu cometæ atmoſphzram, brevem quoque caudam quæ ad 

2 orientem vergebat, eratque hujuſmodi. fig. 115, Fig. 115. 

: Ne me igitur ea occaſio preteriret, conſuetas circa illum obſerva- 

7 tiones inſtitui, ut ejus longitudinem, latitudinem, propriumque mo- 

n tum deprehenderem. Et quidem prima nocte die nempe 17. ſupra- 

4 dicta, tranſiit per meridianum (qui 8 cum Romano coincidit) 

| circa horam ſeptimam 44' poſt merid. ejuſque diſtantia à zenith, 


5 69% 29. Hora 8. 117 30“ diſtantia cometæ i Fomahaut Aquarii 
intercepta eſt 20° 33' & hora 8. 17' 3o!! diſtabat à ſtella 8 in humero 


0 * * * . 

E dextero Aquarii, 21% 8', Proindeque verſabatur cometes in 1 1* 54/. 
a Aquarii, cum latitud. auſt. ab ecliptica 11* 10' circiter. Die 21- erat 
o adeo proximus ſtellæ s in lino ſupra manum ſiniſtram Aquary, quam 


ipſa « eſt proxima ſtellæ minori in eodem lino, conſtituebatque co- 
metes cum utraque ſtella's, rectam lineam, fig. 116. Ex hac igitur Fig. 116. 


of obſervatione, & ex aſcenſ. rectæ nec non declin. differentia inter co- 
5 meten & ſupradictam ſtellam quam diligentiſſime obſervavi, infertur 
h locus cometæ fuiſſe in 6* 45' Aquarii cum latitudine boreali ab 
n eclipt. 8* g. Hinc etiam infertur qualis cometz motus proprius fuerit 
- & quale iter; per planum ſcilicet circuli maximi ſecantis eclipticam in 
if gradu 9 Aquarii, & conſtituentis cum eadem ecliptica angulum 80 
od graduum circiter. Reliquis dicbus eadem ſemper proportione moveba- 
5 tur, magiſque in dies elongari à terra viſus eſt. Parallaxim nullam 
h lenſibilem etſi Veraz intentaverim deprehendere potui; proindeque 
g maxima ejus diſtantia à terra credenda eſt. 
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The ſame ab- 


 ferr'd at Bom- 


bay by Mr. W. 
Saunderſon, 
communicated 


by Dr. Halley, 
844.397. P. 213. 
Jan. &c. 1727. 


x. 419. P. 109. 


A. 389. p. 350. 


1. 410. p. 158. 


1. 412. 5. 250. 


Of a Comet ſeen in 1723. Parr I. 


XXX. 4. TN Oct. 1723 a brightneſs appeared in the heavens 
nearly in a right line, (or a little to the eaſt of one) 
with Lyra and the bright ſtar in the Eagle, being about 50? diſtant 
from the laſt ; and on Monday the 7th following it had advanced 105 
toward the Eagle, moving towards, it in the forementioned direction 
from the S. E. Quarter. I took the following diſtances, between 
9 and; 10 at Night, as in this table. 


1723 Oct. Diſt. ſrom the 
Eagle's heart. 

d. ls A 

7 || % og 

— =o 23 50% 
11 | f 20 30 
I5 | | 14 40 
11 & 


W Tr. 0 
At firſt it looked all like one of the white ſpots called the Ma- 
gellanic clouds, the ſpace filling the field of a ſix-foot glaſs. After- 
wards I ſaw the head in the center of the illuminated ſpace, which did 
not look with much brightneſs, but appeared largeſt on the 10th of 
October, decreaſing gradually both in its bulk and motion from that 
time until the 25th, at which time I could find no appearance of it 
with the forementioned glaſs. N. B. From the 2oth to the 25th it 
had nearly the ſame place in the heayens ſeeming to move directly 
from the earth, | 
h A paper omitted. 
XXXI. Catalogue of Lellpſes of the four ſatellites of Jupiter for 
A the year 1732. By. James Hodgſon F. R. S. and maſter 
of the royal mathematical ſchool at Chriſt's Hoſpital, London. 
| Accounts of books omitted. 
XXXII: 1. F Flftoria Cœleſtis Britannica tribus voluminibus con- 
tenta, authore Joanne Flamſteedio aſtronomo regio. 
2. FHeſperi oſphori nova phænomena, &c. Authore Franciſco 
Blanchino. By John Hadley Eſq; R. S. V. Pref. 
3. Jo. Frider. Weidleri obſervationes Aſtronomicæ annorum 1728 & 
1729, &c. Wittembergæ anno 1729. 
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Cuar. V. Of the parabolic motion of Project ils. 253 
GHA RW 
; Mechanics. 

I. Prop. I. FI gravitatis ejuſque directione datis, motus corporis pro- Of the par. 

jecti in medio non reſiſtente fit in parabola. —. Ger qd - 4 

Dem, Projiciatur corpus de loco A fig. 117. in directione lineæ 3 25 1710. 

AB, ſitque ejus trajectiora curva AC D. Ad trajectioræ punctum By Dr. Brook 
quodlibet C, duc rectam CB in directione vis gravitatis, rectæ AB Taylor, u. 367. 
occurrentem in B; atque reſolvetur motus projectilis per AC in partes {; * 5 = 


AB, BC, quarum AB oritur a motu projectionis uniformi, atque Fig. 117- 


BC a vi gravitatis accelerante. Eſt ergo recta deſcripta AB tem- 
peri proportionalis ab initio motùs in A, atque eſt BC in duplicata 
ratione ejuſdem temporis ſicut olim demonſtravit Galilæus; adeoque 
in duplicata ratione rectæ AB. Cum ergo ſit BC in duplicata ratione 
rectæ A B, conſtat curvam ACD eſſe parabolam. Q. E. D. 

Prop. II. Velocitas corporis projecti in quolibet puncto trajectoriæ, 
ea eſt quam corpus acquirere poteſt cadendo per altitudinem æqua- 
lem quartz parti parametri parabolæ ad punctum illud. 

Dem. Sit trajectoria AC D: fig. 118. ad punctum quodlibet A du- 
cantur tangens AB, & diameter AE. In tangente AB fiat AB æqualis 
dimidio parametri ad verticem A, & diametro A E parallela ducatur 
BC trajectoriæ occurrens in C, & ad punctum C duci intelligatur 
tangens CG tangenti AB occurrens in F atque diametro AE in G. 
Tum ex naturi parabolæ erunt AG, CB æquales, adeoque & AF, 
E B; & quoniam eſt AB æqualis dimidio parametri ad punctum A, 
erit BC quarta pars ejuſdem parametri, & proinde æqualis ipſi BF. 
Iph BC proximam & parallelam duc hc parabolæ occurrentem in c, 
& duc lineæ Bb parallelam Cg, ipſi bc occurrentem in g. Tum quo - 
niam ſpatium Cc, adeoque & ſpatium ge, finguntur perexigua, velo- 
citates quibus deſcribuntur erunt æquabiles quamproximè; adeoque 
ſpatia Bb, ſeu Cg, Cc, cum eodem tempore deſcribantur, erunt ut 
velocitates quibus deſcribuntur, & viciſſim velocitates erunt ut ſpatia. 
Coincidant puncta C, c, atque erunt he rationes accuratæ. Sed in iſto 
caſu propter ſimilia triangula C gc, FBC, fit Cg ad gc, ſicut F B 
ad B C; ideoque velocitates quibus deſcribuntur B b, g ſunt ut FB, 
BC, hoc eſt, ſunt æquales. Velocitas autem qui deſcribitur B h, ea 
elt, qua movetur projectile in puncto A, & velocitas altera qua deſcri- 
bitur g c, ea eſt quam corpus acquirit cadendo per altitudinem B C 
quartz partis parametri ad punctum A. Eſt ergo velocitas projectilis 
in quolibet puncto A æqualis velocitati quam corpus acquirere po- 


teſt cadendo per altitudinem quartz partis parametri ad punctum 
lud. Q. E. D. L 


Prop. III. 


Fig. 118. 
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Fig. 119. 


Fig. 120. 


Of the parabolic motion of Projectils. Paxr. I. 


Prop, III. Datis velocitate & directione projections, invenire tra- 


jectoriam corporis projecti. 


1. Projiciatur corpus de loco A fig. 119. in directione rectæ AB. 
Duc AC in directione vis gravitatis (hoc eſt horizonti perpendicula- 
rem) ejus longitudinis ut fit C punctum unde corpus cadendo acquirere 
poteſt velocitatem in A, qui fit projectio. Duc AF æqualem AC, 
angulum FAB conſtituentem cum linea directionis AB, æqualem an- 
gulo CAB. Duc CD perpendicularem ad A C (hoc eſt horizonti pa- 
rallelam) eique occurrentem FD "= AC parallelam. Biſſeca FD in 
E; atque erit E F axis, atque E vertex principalis parabolæ per 
quam movetur projectile. Unde deſcribetur trajectoria per notas pro- 
prietates parabolæ. Q. E. F. 

Dem, Eſt enim AC quarta pars parametri ad verticem A. Unde 
conſtant cetera ex conicis. 

2. Ad punctum trajectoriæ quodvis G duc GH ipl AC paralle- 
lam, & ipſi CD occurrentem in H; atque iter HG altitudo per quam 
corpus cadendo acquirere poteſt velocitatem, qui movetur projectile 
in puncto G. Q. E. F. 

Hoc item conſtat ex prop. 2. & ex conicis. | 
 Schol. Si ad puncta A, & C fig. 118. ducantur tangentes AB, C 
occurrentes rectis horizonti perpendicularibus CB, AG, in B & G; 
velocitates in A & C erunt inter ſe ut tangentium partes interceptæ, 
AB, CG. 

Prop. IV. Unico facto experimento invenire velocitatem projectionis. 

Projiciatur corpus de loco A fig. 118. in directione qualibet AB, 
atque obſervetur punctum percuſſum C. In directione vis gravitatis 
ducatur CB ipſi A B occurrens in B, atque ipſis CB, AB, fiat tertia 
proportionalis L. Erit quarta pars longitudinis L altitudo per quam 
corpus cadendo acquirere poteſt velocitatem projectilis in A. Q. E. I. 

Dem. Eſt enim L parameter trajectoriæ ad punctum A; unde con- 
ſtat ſolutio per propoſitionem ſecundam. 

Schol, Commodiſſimè inſtituitur experimentum, erectà ad horizon- 
tem perpendiculari A G, & directionem ſumendo AB, quæ biſſecet 
angulum CA G, rectà etiam A C exiſtente horizonti parallel. Nam 
in iſto caſu altitudo quæſita æqualis eſt dimidio diſtantiæ A C. 
Prop. V. Datis directione & velocitate projectionis; invenire occur- 
ſum trajectoriæ cum rect tranſeunte per punctum unde fit projectio. 

Projiciatur corpus de loco A fig. 120. in directione rectæ A B. In 
directione gravitati contraria, fiat AC æqualis altitudini per quam 
corpus cadendo acquirere poteſt velocitatem qua fit projectio, atque 
ducatur CE ipſi AC perpendicularis. Fiat FA zqualis ipſi CA, 
5 60 angulum conſtituens FAB æqualem angulo CAB. Sit AK 

recta cujus occurſus cum trãjectoriã quæritur. Duc FI ipſi A K per- 
pendicularem atque ipſi CE occurrentem in D. In CE ſume ED 
æqualem CD, atque ducatur ipſi C E perpendicularis E K ipſi A K 
occurrens in K. Erit K punctum quæſitum. 
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Char. V. Of the parabolic motion of Projectili. 


Dem. In FI productà fiat f I æqualis FI, atq; ducantur f A, f E. 
FE, FK. Quoniameſt angulus FIA rectus, atq; fI æqualis F], 
eſt etiam f A æqualis FA. Sed per conſtructionem eſt F A æqualis 
CA, atque angulus D C A rectus. Sunt ergo puncta C, F, f ad cir- 


2 


culum centro A deſcriptum, quem tangit recta DC in C. Sunt ergo 


FD, CD, f D, continue proportionales. Sed eſt E D æqualis CD 
( per conſtructionem). Sunt ergo F D, E D, f D continue propor- 
tionales; adeoque ob angulum communem ad D, triangula F E D, 
Ef D ſunt ſimilia, atque angulus DEF æqualis angulo Ef F. 
Puncta itaq; tria F, E, f ſunt ad circulum, quem tangit recta ED 
in E. Sed quoniam eſt fI æqualis FI, atq; angulus FI K rectus, 
centrum iſt ius circuli eſt in rectà IK; item quoniam eſt angulus 
DEK rectus centrum illud eſt etiam in rectà EK. Eſt ergo K 
centrum iſtius circuli, adeoq; F K æqualis eſt ipſi EK. Jam per 
prop. 3. ſunt F focus trajectoriæ, atq; C A quarta pars parametri ad 
punctum A. Unde cum fit C E ad AC & E K perpendicularis, atqz 
FK æqualis E K, erit punctum K ad trajectoriam (per — 


E. D. 

Vow VI. Iiſdem datis, invenire occurſum trajectoriæ cum recta 
qualibet poſitione data. 

Projiciatur corpus de loco A fig. 121. in directione A B, ſitq; 
GH rea cujus occurſus cum trajectorià quæritur. Duc A C in di- 
rectione gravitati contraria atq; æqualem altitudini, per quam cor- 
pus cadendo acquirere poteſt velocitatem qua fit projectio; & duc 
AF æqualem ipſi A C, ita ut fit angulus F AB æqualis angulo 
CAB; & ducatur CE perpendicularis ipſi CA. Ducatur FI ipſi 
GH occurrens ad angulos rectos in I, atq; ipſi CE in D; & in FI 
fiat fI æqualis FI. In CE fiat ED media proportionalis inter 
FD & fD; & iph CE ducatur perpendicularis E K ipſi GH oc- 
currens in Kk. Erit K punctum quæſitum. Q. E. I. 

Dem. Conjungendo f E demonſtratur ad modum propoſitionis 
præcedentis. | 

Schol. Quoniam punctum E ſumi poteſt ad utramlibet partem puncti 
D, duo ſunt puncta K, k, ubi recta G H occurrit trajectoriæ. 

Prop. VII. Data velocitate projectionis, invenire directionem que 
faciat ut trajectoria tranſeat per punctum datum. 8 

Projiciatur corpus de loco A, fig. 120 & ſit K punctum per quod 
tranſire debet trajectoria quæ ſita. Fiat A C, in directione gravitati 
contraria, æqualis altitudini, per quam corpus cadendo acquirere 


poteſt velocitatem projectionis. Ducatur CE iph AC . 
 laris, & ad eam duc K E perpendicularem. Centris A 


& ra- 
dis CA, E K deſcribantur duo circuli ſibi mutuo occurrentes in F. 
Duc F A, & biſſeca ang ulum CA F rectà AB. Erit AB directio 
quæſita, in qua fieri debet projectio, ut tranſeat trajectoria per 
punctum K. Q. E. F. 


Ten. Eſt 


Fig. 121. 
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Fig. 122. 


Fig 123. 


Of the parabolic motion of Projectils. Par 1, 


Dem. Eft CA æqualis quartz parti parametri ad punctum A 
(per prop. 2.) Et per conſtructionem ſunt FA, CA æquales, item 
FK, EK. Eſt ergo F focus parabolæ per puncta A, K, deſcripte. 
Sed illam tangit recta A B in A, propter angulos FAB, CAB 
æquales. Cot pore itaq; projecto de puncto A, in directione A B, 
ea cum velocitate, quam corpus acquirere poteſt cadendo per altitu- 
dinem C A, tranſibit trajectoria per punctum K. Q. E. D. 

N. B. Cum circulorum centris A, K, & radiis C A, EK, de- 
ſcriptorum duo ſint concurſus, F, f, biſſectis angulis FAC, FAC, 
duo etiam erunt directiones quæ faciant ut trajectoria tranſeat per 
punctum datum K. 

Prop. VIII. Data directione projectionis, invenire velocitatem quæ 
faciat ut trajectoria tranſeat per punctùm datum. 

Projiciatur corpus de loco A fig. 122. in directione rectæ A B, & 
faciendum fit ut tranſeat trajectoria per punctum K. Duc AK, 
eamq; biſſeca in C, & in directione gravitatis duc CB ipſi AB oc- 
currentem in B; & junge BK. Duc AD, K E ipſi CB parallelas, 
& ducantur AF, K F ſibi mutuo occurrentes in F, ita ut ſint anguli 
FAB, DAB æquales, item FK B, EK B. Erit FA æqualis al. 
titudini per quam corpus cadendo acquirere poteſt velocitatem quæ- 
firam, qua projectio fieri debet in directione A B, ut tranſeat tra- 
jectoria per K. Q. E. F. 

Dem. Quoniam C eſt in directione gravitatis, eſt diameter para- 
bolæ; & quoniam CA æqualis eſt CK, eſt CB diameter ad ordina- 
tam AK. Unde cum fit AB tangens ad parabolam in A, erit etiam 
K B tangens ad punctum K. Hinc quoniam AD eft in directione 
diametrorum, atq; angulus FA B zqualis angulo DAB tranſit AF 
per focum parabolz. Eodem argumento tranſit etiam K F per focum. 
Eſt ergo F focus parabolæ, adeoq; FA quarta pars parametri ad 
punctum A, quæ proinde æqualis eſt altitudini, per quam corpus ca- 
dendo acquirere poteſt velocitatem ad hoc neceſſariam, ut projecto 
corpore de A in directione AB, tranſeat trajectoria per pun- 
ctum K. | 

Prop. IX. Invenire velocitatem minimam & directionem ei congru- 
am, qua fieri poteſt ut tranſeat trajectoria per punctum datum. 

Projiciendum ſit corpus de loco A fig. 123. cum velocitate om- 
nium minima & directione ei congrua, qua fieri poteſt ut perveniat in 
locum K hoc eſt ut tranſeat trajectoria per punctum K. Ductis 
AC, K E in directione gavitati contraria, & ductà A K biſſeca an- 
gulos CA K, E K A, rectis AB, K B, ſibi mutuo occurrentibus in 
B. Duc BC ipſi A C occurrentem ad angulos rectos in C, atq; erit 
CA altitudo per quam corpus cadendo acquirere poteſt velocitatem 
quæſitam; eritq; A B directio quæſita. Q. E. F. 

Dem. Ducatur B F ipſi A K occurrens ad angulos rectos in F, at- 
que occurrat CB ipſi K E in E. Propter angulos CAB, BAE, 
item angulos ERB, BK F æquales atq; angulos rectos in G 2 

. 
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cur. V. Of the parabolic motion of Project ill. 


& F, erunt æquales CA, FA, item EK, FK. Hinc conſtat 
puncta A, K eſſe ad parabolam quam tangit refta AB in A, cujuſq; 

rameter ad punctum A eſt quadruplum altitudinis C A, foco exi- 
— F. Corpore itaque projecto de A in directione A B, ea cum 
yelocitate quam corpus acquirere poteſt cadendo per altitudinem C A, 
trajectoria erit dicta parabola (per prop. 2.) Dico autem illam eſſe 
velocitatem minimam, ſeu eſſe C A partem quartam parametri omni- 
um minime, qua parabola deſcribi poteſt quæ tranſear per puncta 
A, K. 

Si fieri poteſt, in CA capiatur altitudo c A minor, quæ fir quarta 
pars parametri ad punctum A. Duc ipſt CA perpendicularem ce 
ipſi K E occurrentem in e, & centro A & radio A c deſeribatur cir- 
culus ipſi AK occurrens inf. Quoniam A dicitur quarta pars para- 
metri ad punctum A, focus parabele erit ꝑunctum aliquod p in cir- 
eumferentia circuli c pf, centro A & radio A e deſcripti. Si ergo ſit 
punctum K ad parabolam illam erit pK æqualis e K. Eft vero FK. 
æqualis EK. Unde cum ſit e K minor ipsà E K, erit etiam pK minor 
pla FK. Sed eſt pK major ipsaf K, atq; eſt f K major ip F K, 
(quoniam eſt f A minor ipsà F A per hyp. } unde fit pK major ipsa 
FK. Sed jam dicebatur p K minor ipsa FK; quæ repugnant; : Nequit. 
ergo parabola deſcribi quæ tranſeat per puncta A, K, minortparame-- 
tro quam in ſolutione definitum eſt. Q. E. D. N * 

Prop. X. Data velocitate projectionis, invenire direfionem qu 
faciat ut corpus projiciatur ad diſtantiam omnium maximam in plano 
dato; atq; diſtantiam illam definire. 

Sit planum datum A K fig. 124. atq; invenienda fit diſtantia maxi- 
ma A K, ad quam corpus profici poteſt in plano illo. Due AC in 
directione gravitati contrarià æqualem quartz parti parametri ad 
puntum A. Tum biſſecto angulo CA K rei A B, erit AB directio 
projectionis quæſita. Duc CB ipſi CA rer pn rectæ AB, 
occurrentem in B, atque in C B productã fiat BE æqualis Vos BC.. 
Tum ductà E K ipſi C A a, que occurrat plano AK in K. 
erit A K diſtantia ma xima quæſita. | ws © Mott 

Dem. Centro A & radio AC defcribe circuſum ipfr A K evcurren-- 
wm in F, & ducantur BF, BK. Quoniam anguli CAB, B AF ſunt 
æquales (per conſtructionem) atque A F æqualis CA, erit BF æqualis 


25 


Fig. 1442 


CB, æqualis BE ( per conſtructionem) atque anguli ad F recti. Unde 


etiam fit FK æqualis EK. Sunt ergo puncta A, K ad parabolam foco 
B deſeriptam quam tangit AB in A (propter angulos & AR FAB 
æquales) quart4 parte parametri ad punctum A exiſtemte C A. Cor- 
pore igitur projecto de loco A, in dizxeftione AB, ed cum velocitate 
quam r cadendo per altitudinem CA, trajectoria 


tunſibit per pun ( 2.) QE De 
Dico- autem, quod fit F and byte maxima ad quam-cor- - 
Ns projici poteſt de loco A eadem cum velocitate. 
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Tig. 125. 


Of an experi- 
ment relating 
to the force of 
bodies in mo- 
tion, By Dr. 
H. Pemberton 
to Dr. Mead, 
1. 371. p. 57. 
April, 1 
1722. 


Of the force of bodies in motion. Parr I, 


Si ſieri Poteſt, eadem parametro ad A deſcribatur parabola que 
tranſeat per punctum diſtantius k, hoc eſt projiciatar corpus ad diſtan- 
tiam majorem & A, Duc Bk, atque ipſi K E parallelam ke ipſi CE 
occurrentem in e. Quoniam FB, EB, item F K, EK ſunt æquales, 
ſunt etiam anguli F B K, E B K æquales. Angulus ergo F B & major 
eſt angulo x Be; unde fit ł F major ipſa ke. Sed quoniam eſt AC 
quarta pars parametri ad punctum A, focus parabolæ erit alicubi in 
circumferentià circuli centro A & radio CA deſcripti. Sit focus ille 
p, & ducatur pk. Tum quoniam p k major eſt ipsa F &, erit etiam pk 
major ipsa ke, Sed ut parabola tranſeat per punctum k, debet eſſe pk 
æqualis ke. Nequit ergo parabola duci in circumſtantiis propoſitis, 
quæ tranſeat per punctum & diſtantius puncto K; adeoque nec corpus 
projici ad diſtantiam majorem ipsà K A. Q. E. D. 

Prop. XI. Iiſdem poſitis, invenire locum puncti K ſeu curvam de- 
ſcribere quæ tangat omnes parabolas eodem vertice A & cadem para- 


metro deſcriptas. | | 
Sit A fig. 125. vertex datus, atque in directione gravitati contraria 
ducatur A C æqualis quartz parti parametri datæ. Tum deſcripti 


- 


parabola cujus vertex principalis ſit C atque focus A; erit ea curya 
b | 
Dem. Duc quamlibet A K, atque in ea ſume FA equalem CA, & 
ducatur CB ad CA perpendicularis, ſitque K punctum in propoſitione 
præcedente inventum. In A C producta, facta Cc æquali C A, duca- 
tur c e parallela ipſi C E; ducatur etiam K E parallela ipſi A C, ipſis 
CE, c e occurrens in E & e. Per propoſitionem præcedentem eſt KE 
gels: ipſi FK; unde cum fit etiam FA æqualis iph A C, æqualis 
ipſis Ce, Ee (per conſtructionem) eſt ergo Ke æqualis K A; unde 
eſt 5 K ad parabolam foco A & vertice principali C deſcriptam, 
E. D. | 5 
iſſecto autem angulo A K E à rectà K B, tanget hæc utramque pa- 
rabolam tam foco ß per A & K quam foco A per K deſcriptam. 
Unde ſe mutuo tangunt parabolæ. Q. E. D. 
II. 1. Oleni's experiment about balls falling into clay and other 
| tenacious mediums ſhews, that if two globes in motion 
bear againſt equal portions. of the yielding ſubſtance, the oppoſition 
which that ſubſtance makes to the motion of the globes w1ll be the ſame 
in both, however different the velocities be with which they move. 
This I demonſtrate as follows. 2 Pi | 
Let A and B be two globes equal in magnitude, but of different 
55 N which are equally immerſed into a yielding ſubſtance. Sup- 
poſe the velocities with which they move in their preſent ſituation to be 
reciprocally in the ſubduplicate ratio of the weights of the globes. Now 
fince the ratio of the quantity of motion in the globe A to the quantity 
of motion in the globe B is compounded of the ratio of the weight of 
the globe A to the weight of the globe B, and of the ratio of the velo- 
city of the globe A to the velocity of the globe B, the force with _ 
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the globe A moves, is to the force with which the globe B moves, as the 
velocity of this globe B to the velocity of the other globe A. But if the 
ſame oppoſition be made to the motion of the globes when they bear 
upon equal portions of the yielding ſubſtance, the effect of that oppoſi - 
tion, while the globes enter farther into the ſubſtance by equal ſpaces, 
will be proportional to the time in which the globes are moving thoſe 
ſpaces, or in which the oppoſition is made, it we conſider thoſe ſpaces 
while naſcent ; the effect therefore of this oppoſition will be reciprocally 
proportional to the-velocity of each globe : namely, the momentaneous 


loſs of force in the globe A will be to the momentaneous loſs of force in 


the globe B, as the velocity of. the globe B to the velocity of the globe 
A; and the whole force of the globe A has been found to bear the ſame 
ratio to the whole force of che globe B; conſequently theſe globes, 
while they penetrate equal fpaces into the ſubſtance, loſe parts of their 
force which bear the fame proportion to the whole: and therefore it 
their velocities be at any time reciprocally in the ſubduplicate ratio of 
their weights, ſo that the forces or degrees of motion with which they 
move. be reciprocally proportional to their velocities, the forces wi 

which they preſs into the yielding ſubſtance at equal indentures made in 
the ſubſtance, will continue in the ſame proportion; and therefore 
upon the theory of reſiſtance here ſuppoſed, when the whole force and 
motion of both theſe globes is entirely loſt, they will be plunged into 
the ſubſtance at equal depths. Now whereas in Poleni's experiment 
the globes, falling from heights reciprocally proportional to their 
weights, ſtrike upon the yielding ſubſtance with velocities reeiprocally 
in the fubdupticate proportion of their weights, and the effect is in all 
caſes found to be what is here deduced from this theory of reſiſtance, it 
is a ſufficient confirmation of the truth of it. Only here I have ſup- 
poſed the globes to be ſtopt by the whole reſiſtance of the ſubſtance, 
altho” in ſtrictneſs they are ſtopt only by the exceſs of that reſiſtance 
above the action of gravity upon them. But I have neglected the 
conſideration of the action of gravity, that being but ſmall in propor- 
tion to the reſiſtance, as appears from the globes being much more ſpee- 
dily ſtopt by this reſiſtance than they would be by the action of gravity, 
it its force were applied upwards, for by that force alone the globes 
would not be ſtopt till they had meafared ſpaces equal to the heights 
above the reſiſting ſubſtance ſrom whence they fell, which heights bear 
a great proportion to the depths in the yielding ſubſtance into which 
the globes in this experiment are immerſed, as I have found upon trial. 
Poleni's experiment is not only reconcilable to the common doctrine 
of motion, as I have now demonſtrated, but even proves the great 
unreaſonableneſs, if not the abſolute abſurdity, of Mr. Leibnitz's opi- 
nion. For if two globes A and B, of equal magnitude but of differept 
weights, ſtriking on a yielding ſubſtance with equal force, in every caſe 
loſe all their motion at equal depths, it is neceflary that at all times du- 


ring their motion they loſe equal * of force, when they bear — 
qd bog 2 eq 
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equal portions of the ſubſtance, in entring equal ſpaces into it. 
This will be eaſily ſeen from what has been ſaid before. Now 
whereas Mr. Leibnitz ſuppoſes the power of gravity to give to the ſame 
falling body degrees of force proportional to the height from whence it 
falls, according to his opinion, by the power of gravity equal degrees 


of force are added in the deſcent of the ſame body thro* equal ſpaces; 


and in different bodies deſcending thro* equal ſpaces the degrees of 
force added will be as the quantity of matter, or as the weight of each 
body. Therefore while the globes A and B penetrate equal naſcent 
ſpaces into the yielding ſubſtance by the action of gravity, were not 
that action overcome by the reſiſtance of that ſubſtance, additional de- 
grees of force would be communicated in ſuch proportion that the force 
added to the globe A, would be to the force added to the globe B, as 
the weight of the globe A to the weightof the globe B, or in the du- 
plicate ratio of the velocity of the globe B to the velocity of the globe 
A. But ſince the globes loſe the ſame degrees of force in entring equal 
naſcent ſpaces into the yielding ſubſtance, the effect of the oppoſition 
made by this ſubſtance to the motion of the globes, during the time of 
their paſſing thro? fuch naſcent ſpaces, will be both the taking from 
them that ſame degree of force, and moreover the additional force 
which would otherwiſe have been given them by their own gravity. 
But farther, the oppoſition made to the motion of the globe A to the 
oppoſition made to the motion of the globe B, will be in the ratio com- 
pounded of the ratio of the effect of the oppoſition which the ſubſtance 
makes to the motion of the globe A, to the effect of the oppoſition 
which it makes to the motion of the globe B, and of the ratio of the 
time in which the oppoſition is made againſt the latter globe, to the 
time in which it is made againſt the former; which latter ratio is the 
ſame with the ratio of the velocity of the globe A to the velocity of the 
globe B. But ſince it is ſhewn that the effect of the oppoſition made by 
the yielding ſubſtance to theſe globes is twofold, and that one part of 
the effect of the oppoſition made to the motion of the globe A is equal 
to one part of the effect of the oppoſition made to. the motion of the 
globe B, and that another part of the effect of the oppoſition made to 
the motion of the globe A, to another part of the effect of the a i 

made to the motion of the globe B, is in the duplicate ratio of the ve- 
locity of the globe B to the velocity of the globe A, one part of the 


oppoſition itſelf made to the motion of the globe A, vill be to one part 


of the oppoſition againſt the motion of the globe B, as the velocity of 
the globe A to the velocity of the globe B, and another part of the op- 
poſition to the motion of the globe A, to another part of the oppoſition 
to the motion of the glabe B, will be as the velocity of the globe B to 
the velocity of the globe A. So that when the globes bear upon equal 
portions of the yielding ſubſtance, the oppoſition to their motion will 
de in part as the velocity of the globes, and in part rec iprocally as their 
velocity. Hence, becauſe the reſiſt ing ſubſtance is of an uniform tex- 
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ture, the oppoſition to the motion of either of the. globes in its preſefit 
ſituation, and when moving with its preſent velocity, will be to the op- 
poſition that it would meet with in the ſame ſituation, if it moved with 
any other velocity, partly as the preſent velocity to that other velo- 
city, and partly as that other velocity to the preſent. But by that 
part of the oppoſition which is directly as the velocity the globe can 
never be wholly ſtopt; for upon ſtopping the globe that part of the 
oppoſition will likewiſe totally ceaſe, and conſequently the globe's 
weight will carry it further down, unleſs the other part of the oppo- 
ſition prevent it. But ſay again, neither can this latter part of the 
oppoſition be ever great enough to ſtop the globe; for the degree of 
this oppoſition being reciprocally as the velocity of the globe, when 
the motion of the globe is wholly taken away, it will become infinitely 
greater than at any time while the globe is in motion ; ſo that when 
the globe ſhould be ſtopt by tliis part of the oppoſition, the oppo- 
fition will become infinitely great, ſo that no degree of force whatever 
could impel the globe further into the ſubſtance ; but this can never 
come to paſs. Beſides, it is not neceſſary to apply any ſuch refined 
argument againſt this part of the reſiſtance z it is ſufficient to conſider 


how unreaſonable a ſuppoſition it is, that a. reſiſtance ſhould increaſe 


when the velocity of the reſiſted body decreaſes. | 
Thus the experiment. invalidates that very opinion which it is 
brought to ſupport. But another uſe may likewiſe be made of it. 
For it will illuſtrate what Sir ifuac Newton has more than once hinted, 
that the reſiſtance of fluids ariſing from the tenacity of their parts de- 
creaſes in a leſs proportion than the velocity of the reſiſted body de- 
creaſes ; for as this reſiſtance bears a great analogy to the reſiſtance 
of the yielding ſubſtances of which w have been treating, fo we have 
found that the reſiſtance of theſe fubliances does not much depend 
upon 2 velocity of the body againſt which the reſiſtance is 
applied. | | 
ni 2. 011005 pieces of fine filk, or the like thin ſubſtance, ex- 
tended in parallel planes and fixt at ſmall diſtances from 
each other, and a globe to ſtrike perpendicularly againſt the middle of 
the outermoſt of the ſilks, and by breaking through them to loſe 
ws of its mation. If the pieces of ſilk be of equal ſtrength the ſame 
degree of force will be required to break each of them; but the time 
in which each piece of ſilk reſiſts will be ſo much ſhorter as the globe 
s ſwifter; and the loſs of motion in the globe conſequent upon its 
breaking through each ſilk, and ſurmounting the reſiſtance thereof, 
will be proportional to the time in which the ſilk oppoſes itſelf” to the 
globe's motion; inſomuch that the globe by the reſiſtance of any one 
piece of ſilk will loſe ſo much leſs of its motion as it is ſwifter. But 
on the other hand, by how much ſwifter the globe moves ſo. many 
more of the ſilks it will break through in a given ſpace of time; 


(t) Vid. Phil. nat. princip. math. prop. 52. lib. 2. in ſchol. optics. qu. 28. p. 339, 34. 
| whence 
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whence the number of the ſilks which oppoſe themſelves to the motion Ml bre 


ot the globe in a given time being reciprocally proportional to th 
effect 15 each ſilk upon the — the reſiſtance made do the globe by | hows 
theſe ſilks, or the loſs of motion which the globe ſuffers by them in a gp 
given time, will be always the ſame. Now if the tenacity of the 
parts'of fluids obſerves the ſame rule as the coheſion of the parts of = 
theſe ſilks; namely, that a certain degree of force is required to ſe- 
parate and diſunite the adhering particles, the refiſtance ariſing from 
the'tenacity of fluids muſt obſerve the ſame rule as the reſiſtance of 
the ſilks ; and therefore in a given time the loſs of motion which x 
body ſuffers in a fluid by the tenacity of its parts will in all de- 
grees of velocity be the ſame; or in fewer words, that part of the 
reſiſtance of fluids which ariſes from the coheſion of their parts wil 


be uniform. a $6191 | | 
Experiments H. 3. F with a certain force one can move a weight of fifty pounds MW we 
to prove the © through a ſpace of four feet in a determinate time; it is Wb * 
force of mov- ſo 


2 certain he muſt employ twice that force to move an hundred pound 
np bodies pro- k 7 . 
por tionabli to Weight through the ſame ſpace in the ſame time. But if he uſes only * 
their velocitiet. the fame force, he will move the hundred pound weight but two feet N 
By Dr. Dela- in the ſame time. For as the hundred pound weight contains two 
 gulier3,#-375- fifty pound weights, to give each of them two degrees of velocity will 
p. 269. Jan. * ä | mg rags 
Kc. 1723. Fequire exactly the ſame force that would give one of them four de- 
grees of velocity; hence it appears that the force is proportionable to 
the maſs multiply d into the velocity. © . 
Fig. 126. Exp. I. Let the balance A B fig. 126. whoſe center of motion is at 
C, be fo divided that the arm A C be but the fourth part of the arm 
CB; it is known that a weight of one hundred pounds at A will keep 
in æquilibrio a weight of twenty five pounds at B, where it will have 
a velocity four times greater than that at A. For there will not only 
be an æquilibrium when the balance is horizontal, but when it is put 
in motion it will return to an æquilibrium; the equal and contrary 
forces deſtroying one another. Whereas if the forces were as the 
maſs multiply*d into the ſquare of the velocity, the twenty five pound 
R weight ſhould have been ſuſpended at D, only twice as far from C as 
the weight at A; and in general let the mechanical powers be com- 
bined in any manner, when two heavy bodies act upon one another in 
different directions, if their velocities are reciprocally as their maſſes, 
they will deſtroy each others forces and come to reft. | rs 
Fig. 127. Exp. II. Let the weight P, fig. 127. of one pound be placed in the 
ſcale ſuſpended at the end A of the balance A B, which bears upon 
the iron ſupporter æ Hi. Then if the weight C be let fall from D 
or one foot, it will by its ſtroke on the end of the beam B raiſe up 
the oppoſite end A with the weight P, fo high that the ſpring gb 
will fly from the button i, which kept it ſtreight and upright before 
the ſnock. If the weight P be of two pounds, it canhot be raiſed by 
the fall of C.from any height leſs than F or four foot; whereas ns 
3203s rce 
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force of the ſhock was proportionable to the ſpace without any re- 
card to the time, P ought to be raiſed when C falls only from E or 
wo foot, which never happens ; or if the ſtroke was proportionable 
to the maſs multiplied into the ſquare of the velocity,. when C falls 
from F then P might weigh four pound, whereas the experiment will 
never. ſucced under thoſe circumſtances. | uf i : 

Exp. III. If inſtead of a blow ſtruck upon the end B, fig. 127. 
by the falling body, C be faſtned to a pretty long ſtring tied to the 
button m as at c, and firſt lifted up one foot and then let fall; ſo that 


| in falling one foot it may pull down B and lift up A with the weight 
| P of one pound; whenever P is two pounds C muſt fall from a height 
| greater than f or four foot, otherwiſe it will not raiſe the arm A, 


eſpecially if it be let fall between e and /. 


Exp. IV. I took the weight C, fig. 127. of 17 ounces troy, which 
| was a round ball of lead with a hole through the middle of it 
ind having paſſed the ſtring N X through it, I placed the machine 


ſo that the ſtring being ſtretched by the weight N went through the 


hole of the weight C, and likewiſe through the hole of the arm B, 
vithout touching the ſides of the hole either in the weight or balance; 


then having put ſuch a weight P in the oppoſite ſcale, as C falling from 
the height of one inch, was able to raiſe high enough to ler looſe the 
ſpring g h from the button i: I added to P another weight equal to it, 
and then letting fall C along the ftring that guided it, from an height 


| of two inches, then of three, and then exactly of four, it would not 
| raiſe. the double weight P to the former height, but falling from five 
inches or a little higher it raiſed it up. i» | 

Exp. V. Leaving every thing as before I changed C for another 
laden ball of twice the weight, which falling from one inch raiſed” 
the double weight P ta the uſual height; then changing the weight 

IP in any proportion, whatever height was requir'd for the heavieſt 

dall to fall from in order to raiſe the weight at P more than four times 
the height was required for the firſt ball to raiſe the fame weight ſo 
high as to let looſe the ſpring. 11 WET ai 
Exp. VI. I tried the experiment with the weight C hanging at the 


ring me (as in exp. III.) and a fall from an height of near five 


ting more than in a duplicate proportion of the velocities but ne- 
ver leſs to give a blow with the fame body in proportien to the 
velocity. 3 That 


inches was required to raiſe double the weight that a fall from one inch 
vwuld raiſe; only here the heighth above four inches was not fo great 
{4s in the former experiment, the friction being ſomething leſs. Then 
I ſuſpended the great ball by the ſtring m c, and when by falling one 
nch it raifed the weight P, the little weight could not produce the 
{ame effect without falling from a greater height than four inches. 
Which way ſoever theſe experiments are tried the objections riſing 
| from friction do no way ſerve to confirm the new opinion. becauſe they 
ſew that (upon account of the friction) the heights muſt be ſome- 
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That the momentum of bodies is in proportion to the maſs mul. 


tiplied into the velocity is alſo moſt evidently ſhewn from the congreſ 


of elaſtic budies, as has been demonſtrated by Sir Iſaac Newton in his 
Principia. I have often tried the experiments there mentioned with 
balls of ivory, glaſs, and ſteel, and found every thing anſwer allow- 
ing for the want of perfect elaſticy in the bodies. Upon occafion of 
this diſpute Lreſolved to repeat them, and therefore cauſed balls to be 
nicely turned of ſteel, and made as hard, that is as elaſtic as poſſible : 
their weights were preciſely as follows; two balls of twelve . ounces 
troy each, one of {1x ounces, one of three, one of two, and one of 
eight-penny-weight. Then making pendulums of theſe balls, and 
hanging them upon the machine contrived by Mariotte for the con- 


greſs of bodies, and lately improved by Dr. Graveſande 1, I mea- 


{ured 37 4 inches between the center of ſuſpenſion and the center of 
gravity of the balls, and then every degree of the circle they de- 
{cribed was one inch, and the degrees being marked upon a line of 
chords upon a braſs ruler above the balls, their ſtrings ſucceſſively 
covering the lines of diviſion, the degrees from which they fell, and 
thoſe to which they roſe were very diſcernable. 

Exp. VII. I took the two balls 12, and removing each from the 
loweſt point of their equal and reſpective circles, up to 4 inches, or 
4 degrees, I let them fall ſo that they met at bottom, and were both 
reflected again to 4, the place from whence they fel]. 1 (2 

Exp. VIII. Every thing elſe being as before, inſtead of one of the 
balls 12, I took the ball 6, then letting 6 go from 8 degrees, and 12 
from 4, after reflection 12 was driven up again to 4 as before. 

Exp. IX. The ball 3 falling from ſixteen degrees met the ball 12 
that fell ſtill from 4, and after reflection 12 went up again to 4 

Exp. X. The ball 2 falling from 6* and 12 from 1%, 12 was re- 
flected to 1, and when 2 fell from 12 degrees, and the ball 12 from 
2, the 12 was reflected to 2. 10 

Exp. XI. The ball of eight penny weight (which weigh'd but 3 of 
the ball 12) falling from fifteen inches or degrees, rais'd up 12 (that 
fell from half a degree) to the ſame place again. 

In all theſe experiments the error or want of perfect reflection, was 
greater in the little balls than in the great ones on account of their 
going through a greater arc of a circle, whereby they deviated more 

rom a cycloid than the great ones; as likewiſe on account of the 
reſiſtance of the air, which muſt be greater becauſe of the little balls 
going through a greater arc, moving with more velocity, being ſuſ- 
pended by a ſtring as thick as that of the great ones, and having 
more ſurface in proportion to their weight. But all the errors do not 
bring the phænomena any thing near what they ought to be, if the 
force of the bodies was as the ſquare of their velocities multiply'd into 
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their maſſes, for then the ball 12 would have been driven to heights 


, very different from what it roſe to. In the eighth experiment the ball 
1 12 ſhould have riſen to near five inches and three quarters, for the ball 
1 6 falling with the velocity 8, muſt have had its force =8x8 x 6 = 
: 384 3 and then, that the ball 12 might have the ſame force or quantity 
f of motion, it muſt riſe near to 5, 7 becauſe 5, 7x 5, 7 « 12 = 389,88, 
. In the ninth, 12 ſhould have riſen to 8; for the ball 3 muſt have had 
a its force = 16x 16 x 3 = 768, and if 12 receiv'd its whole force it 
: muſt have riſen to 8 becauſe 8 x 8 x 12 = 768. In the ſecond part of 
f the tenth experiment, 12 ſhould have riſen to near 5, becauſe 12 x 
4 12x2 =288, and 5X5 x 12 is but 300. In the eleventh, the ball 12 
1 (thirty times heavier than the little one) muſt have gone to 2 inches, 
3 becauſe the momentum of the little ball being = 15 x 15 x 1 = 225, 
f that of the ball 12 muſt be = 2,75 x 2,75 K 12 = 226 &c. But it 
a may be here alledg*d, that one ought to ſubtract the momentum with 
f which the great ball comes upon the little one; but that won't mend 
y the matter much, tho? indeed the difference will be leſs. For in the 
4 eighth experiment if we ſubtract 4 x 4 * 12 = 192 from 389, 88 there 
will remain 197,88, and the ball 12 will go but to 4 ; but then in ex- 
- periment 9, if we ſubtract the ſame Ne 192 from 768, we ſhall have 
i 576, which would carry 12 to near ſeven degrees, becauſe 7 x 7 x 12 
h = 588, In the tenth experiment there is only 48 to be ſubtracted ; 
and in the eleventh only 15; and therefore the velocity of 12 will very 
much fall ſhort of what is agreeable to the new opinion. 
2 After the experiments made and what has been ſaid, till theſe con- 
ſequences are overthrown no notice ought to be taken of any obje- 
2 ctions or new experiments. But to give the objectors all poſſible ſa- 
tisfaction, I ſhall in the following paper endeavour to ſhew the fallacies of 
A their arguments, and ſolve the phznomena of the experiments made; 
m ſhewing both by reaſon and experiment, that the facts ought to be as 
they are in conſequence of the receiv*d opinion and the laws of reſiſtance. 
of II. 4. olenus + gives this account of his experiments: I took a Of fone expe- 
at *< veſſel of congeal'd tallow ſix inches deep, and fix'd it to e om 
* a level floor, ſo that the ſurface of the tallow was every where Se ani 
18 * equally diſtant from it. I had two balls of equal bigneſs, one of lead Bodies. By the 
ir * the other of braſs, which laſt was a little hollow in the middle, that ne, u. 376. 
re * it might weigh but one pound whilſt the other weigh'd two. Suſ- 4 55 2 


he ** pending theſe balls by threads, ſo that the lighter _ twice as 
Ils ** high as the heavier, I cut the threads, and the balls falling per- 
aſ- ** pendicularly upon the tallow made pits in it preciſely equal: the ball 
ng of one pound going thro? a ſpace expreſs'd by the number two, pro- 
10t ** duc*d an effect equal to that of the two pound ball falling thro? a 
the ** ſpace expreſs'd by the number one. It follows therefore that the 
10 active forces (vires vivas) of falling bodies are equal when their 

** weights are in a reciprocal ratio of the ſpaces which they deſcribe by 

+ De Caſtellis, pag. 56. No. 118. 
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& their fall. And becauſe theſe ſpaces are as the ſquares of the velo- 
s cities, it appears by the experiment that the active force (vim vivam) 
of the falling body is made up of the body itſelf multiplied into the 
„ ſpace deſcribed in the fall, or into the ſquare of the velocity at the 
end of the motion. This experiment I made not only once but ſe- 
% yeral times, changing the balls, the diſtances, and the body on which 
„they fell, making uſe of clay or ſoft wax; yet the effects were con- 
„ ſtantly the ſame.” | 

Thus far Polenus ; whoſe miſtake lies in eſtimating the force of the 
falling balls by the depth of the impreſſion made in the tallow, clay or 
wax. But when two bodies move with equal forces but different ve. 
locities, that which moves the ſwifteſt muſt make the deepeſt impreſ- 
ſion, whilſt the loweſt body communicates its motion to the clay round 
about, and therefore does not enter ſo deep as the ſwifter body, which 
puts in motion few parts of the clay beſides thoſe that are before it, and 
which have ſo much leſs time to oppoſe its motion as 1ts velocity is 
greater, For let us ſuppoſe a door half open and moving very freely 
on its hinges ; if a piſtol be fir'd againſt it, the ball will go thro? the 
door without moving it out of its place; but if we take a large weight 
of lead, and throw it againſt the ſame door with the ſame force as the 
piſtol bullet mov*d, the door will be carried out of the place on its hin- 
ges; becauſe in the firſt caſe the motion of the ball is communicated 
but to a few parts of the door, but in the laſt is diffuſed all over it; 
nay the door will be moved by the ſtroke, even tho? there ſhould be 
a prominent part in the lead no bigger than a piſtol bullet, in order to 
ſtrike the door upon no more of its ſurface than the bullet had done. 
This may be farther illuſtrated by the following experiment. I cauſed 
a machine to be made conſiſting of a baſe of wood AB fig. 128. which 
could be ſet horizontal by means of three ſcrews SS: upon this baſe 
there ſtood upright two parallel boards, about four inches wide and 
four inches aſunder, with the elbow-piece E F ſliding behind one of 
them, ſo as to raiſe its upper end F to any height deſired. Between 
theſe boards ſquare frames of wood C C with paper extended upon 
them, could ſlide in an horizontal poſition. Theſe paper diaphragms 
being thus plac'd, I ſuſpended a hollow ivory ball of about an inch and 
half diameter, weighing ſomething more than an ounce and half, ſo that 


its center of gravity hung four foot over the firſt diaphragm; then cut- 


ting the thread the ball fell upon the paper, and by its perpendicular 
ſtroke broke thro? that diaphragm and the three next. Then putting 
ſo much lead into the ball as made it weigh twice as much as before, and 
bringing down F to let it fall but from one foot, it broke thro? two 
diaphragms only. Making the experiment ſeveral times with different 
heights, but ſtill in the proportion of four to one, when the balls were 
as one and two, the heavy and. ſloweſt ball broke thro? but half the 
number of papers. It happen'd indeed ſometimes that there was a little 


difference when the papers were not equally ſtrong or equally ſtretch'd, 


but 
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but the ſwifteſt ball always broke thro* more papers than the ſlow one. 
Now tho this experiment ſeems at firſt to confirm Polenus's theory, 
yet it really proves no ſuch thing, For the lighter ball does not break 
thro* more papers becauſe it has more force or a greater quantity of 
motion, but becauſe each diaphragm has but half the time to reſiſt the 
ball that falls with a double velocity, and therefore their reſiſtance being 
as the time, as many more of them muſt be broken by the ſwift ball 
as by the ſlow one. 

To all thoſe who allow the force of moving bodies and their quantity 
of motion to be the ſame, what has been ſaid in this and my former pa- 
per ſeems to be a full anſwer ; but as there are ſome who diſtinguiſh 
theſe two, I ſhall next endeavour to ſatisfy them. If I underſtand them 
right, they call vis viva a force whoſe effect is ſenſible, as the force of 
gravity when it accelerates bodies in their fall; and vis mortua a force 
which being deſtroy*d produces no ſenſible effect, as the force of gra- 
vity acting upon a weight in one ſcale of a balance, when the weight 
cannot deſcend by reaſon of a counterpoiſe in the other ſcale. How- 
ever unreaſonable this diſtinction may be, yet ſince Polenus allows that 
the quantity of motion in bodies is as the maſs multiplied into the velo- 
city (or M I), but ſays that the force with which they act (or their vis 
viva) is as the maſs multiplied into the ſquare of the velocity (or MVV), 
I have made the following experiment to ſhew his notion to be incon- 
ſiſtent, tho? all the phænomena of unequal weights applied to a ſtatera 
ſo as to make an equilibrium, might ſerve for that purpoſe, if it had 
not been objected that the particular conſtruction of the machine hin- 
der'd it from agreeing with the ſuppos'd theorem, that the force is as 
the matter multiplied into the ſquare of the velocity. 

Exp. Let two balls, A and B fig. 129. be join'd by a ſtring, which 
going thro? the ſmooth hole C of an even table and under the pulley P 
ſuſpends a weight W, it 1s plain that upon letting go the balls A and B 
from the places A and B they will move towards C with the fame force, 
becauſe each of them will be drawn towards C by half the force of the 
weight W, whether the balls be equal or unequal. 1. Two ivory 
balls of two ounces each were at the ſame inſtant of time let looſe from 
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A and B, each diſtant twelve inches from C, and both came to Cat the 


ſame time. Here the equal forces will agree with the product of the 
maſſes into the velocities, or into the ſquares of the velocities; becauſe 
Ax12 = B 12, as well as A x 144 is equal to BX 144. 2. If A be 
four ounces weight, and let go from D or ſix inches, whilſt B equal to 
two ounces moves from 12 inches, both bodies will again meet at C: 
therefore here the equal forces muſt be expreſs'd by the maſſes into the 
velocities, and not into their ſquares for tho' A x 6 be equal to B x 12 
(4x6=2X12) Ax6x6, or 144 is but half of Bx12 x 12 = 288. 
Whereas if the forces had been as Polenus affirms, B ſhould have been 
let looſe only from 8, 4 inches. 3. When A is fix ounces it is let looſe 


only from E or 4 inches, to meet at C with B let looſe from 12 _- 
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then Ax 4 = BN 12, whilſt Ax 4 4 96, is three times leſs than 
BX 12 * 12 2 288. So that according to Polenus B muſt have been 
let looſe from 7; but in that caſe it comes ſooner to C than A. Ob- 
ſerve that the weight W muſt be greater than the weight of both balls, 
leſt the friction of the table ſhould ſpoil the experiment. 
Of the forces II. 5. T is allowed that the common rules for finding the velo- 
—— bodies, cities of non-elaſtic bodies after the ſtroke are true P. Now 
a 3 the rule for finding the common velocity of non-elaſtic bodies moving 
ſuch as are not the ſame way after the colliſion is, to divide the ſum of the CR 
elaſtic. ByMr. of motion in the two bodies by the ſum of the quantity- of matter, 
John Eames, It is alſo granted || (a) ** Motu duobuscorporibus communi corpora hæc 
u. 396. p. 183. g , X k 
Nov.&c.1726. ©* in ſe mutuo agere non poſſe. (0) Pendet ergo ictus a velocitate re- 
5” s ſpectiva, qua manente intenſitas impactionis eadem erit, quomodo- 
« cunque celeritates abſolute varient. (c) Ab intenſitate hac pendet 
e partium introceſſio, quæ ergo ſemper eadem erit, {i duo corpora 
* eadem velocitate reſpectiva in ſe mutuo incurrunt, quibuſcunque 
«« yelocitatibus moveantur.” Theſe principles furniſh us with an ar- 
gument againſt the opinion that the forces of moving bodies are as 
the ſquares of their velocities : For from thence it will follow, that 
equal cauſes may have unequal effects, and that in their own ſenſe of 
an effect. The proof ſhall be taken from inſtances of the colliſion of 
non-elaſtic bodies, whoſe reſpective velocities ſhall be always equal. 
Let A and B be two non-elaſtic bodies of equal quantities of matter; 
and let B be at reſt while A moves towards it with 8 degrees of 
velocity. 1. Here the common velocity after the ſtroke will be half 
the velocity of A before the ſtroke, i. e. 4 degrees: conſequently the 
force in B will be as its ſquare or 16. 2. Let B move forward with 
two degrees of velocity, and A follow it with 10 degrees; the re- 
ſpective velocity will be 8 as before; conſequently by their own prin- 
ciples above adduced (5) the ſtrokes in both caſes are equal, and the 
velocity in B after the ſtroke will be half the ſum of the velocities be- 
fore the ſtroke, or 6 degrees, by the common rule. If the forces be 
as the ſquares of the velocities, the force of B before the ſtroke will 
be to its force after the ſtroke, as the ſquare of 2 is to the ſquare of 
63 i. e. as 4 is to 36. Subduct the force of B before the ſtroke from 
its force after the ſtroke, and you have the degrees of force commu- 
nicated by the ſtroke: which if this opinion were true, would be 32, 
i. e. juſt double the number of degrees communicated by the fame 
/ force in the former inſtance, which was but as 16. 

The following table gives ſeveral other inſtances. In the three firſt 
columns you have the velocities of the two bodies both before and af- 
ter the ſtrokez in the two next you have the forces in B both before 
and after the ſtroke ; and in the ſixth the difference of thofe forces 
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or the different degrees of force effected by the ſamee ſtroke z and in 
che laſt column the proportion of thoſe forces. 


The Velo-| TheForces| Force com- Propor- 
city in in B, | 1 Go. 
— 
1 1 

6 16 16 I 
4 $07 4. Af 32 2 
14 6 10] 36 100 64 4 
18 10 144100 196 96 6 
22 14 18196 3241 128 8 
26 18 22|324 484} 160 10 
Before After | Before After 
theStroke. | the Stroke. | 


If it be ſaid that I have not conſider'd the other part of the entire 
effect of the ſtroke, viz. the intropreſſion of the parts; I reply, this 
will make but a ſmall alteration in the matter; ſince the intropreſſions 
in all theſe caſes are equal (c) the relative velocities being by e 
the ſame: ſo that upon the whole one and the ſame, or equal cauſes 
will produce unequal effects. 0 
II. 6. HE demonſtration runs thus: ** Concipio corpus C 

* fig. 130. moveri oblique in elaſtrum L, velocitate 
« CL ut 2, angulo inclinationis CLP exiſtente 30 gr, cujus nempe 
e ſmus CP eſt, ſemiſſis radii CL. Suppono autem eam eſſe reſiſten- 
« tiam in elaſtro, ut ad illud tendendum requiratur preciſe unus ve- 
« locitatis gradus in illo corpore, ſt perpendiculariter impingeret. 
* Quid ergo jam fiet poſt incurſionem obliquam corporis C in ela- 
* ſtrum L? Quoniam motus per C L componitur ex duobus collate- 
* ralibus per CP & PL, & cum CP, ſecundum quam corpus 
* directe impingit in elaſtrum L, exprimit dimidiam celeritatem cor- 
« poris per CL, conſumetur hic motus per CP, tenſo elaſtro (pe- 
rinde enim eſſet ac fi corpus C celeritate C P perpendiculariter in- 
« curreret in elaſtrum quod per hypotheſin eam celeritatem deſtruere 
poſſet) remanente corporis celeritate & directione P L. Producta 
H igitur PL in M, ita ut LM fit = PL =y 3 (ponitur enim 
«CL =2) & applicato in M alio ſimili elaſtro faciente cum LM 
'* angulum LM Q, cujus ſinus LQ = C P = 1, per eandem rationem 
* manifeſtum eſt corpus C, poſt tenſionem elaſtri L, tenſurum eſſe ela- 
ſtrum M, amiſſo motu per L Q, & ſervato motu per QM. Prolon- 
gata itaque QM ad N, ut fiat MN QM =/y 2 ibique ſubſtitu- 
to elaſtro ſimili tertio conſtituente cum M N angulum MN R ſemi- 


rectum, 
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rectum, quo ſcilicet MR iterum fit = CP = 1 patet ſimiliter 
motum per MR totum impendi in tenſionem elaſtri N, corpore 
interim moveri pergente directione & celeritate RN = 1. Deni- 
que ſi hac celeritate reſidua impingat perpendiculariter in elaſtrum 
O, huic tendendo totam ſuam vim reliquam dabit ; ipſum itaque 
corpus ad quietem redigetur. Hiſce ita præmiſſis, patet nunc po- 
tentiam corporis C tantam fuiſſe, ut per ſe ſolum tendere poſſit 
præcisè quatuor elaſtra talia, ad quæ ſingula ſcorſim tendenda re- 
5 quiritur dimidia velocitas corporis æqualis ipſi C, adeoque cum 
* effectus illius quadruplo major ſit quam effectus hujus, evidens eſt 
„ quoque vim corporis velocitate 2 grad. quadruplam eſſe vis cor- 
s poris ejuſdem, vel æqualis, velocitate 1 grad. Haud abſimili mo- 
* dodemonſtrarem corpus C velocitate 3 grad. tendere poſſe 9g elaſtra, 
* ad quorum unum tendendum unus velocitatis gradus in eo corpore 
«*« requiritur, & tandem in genere numerum elaſtrorum tenſorum ſem- 
per eſſe quadratum numeri graduum velocitatis. Unde igitur ſe- 
„ quetur vires corporum æqualium eſſe in duplicata ratione celeri- 
„ tatum.“ 

This argument is founded entirely on the commonly received do- 
ctrine of the compoſition and reſolution of forces, and not upon an 
deciſive experiments actually made upon this occaſion. And all that 
is proved from this doctrine is, that a body moving with two degrees 
of velocity may be made to bend 4; with 3 degrees of velocity it 
may be made to bend 9 ſimilar ſprings, each deſtroying one degree 
of velocity in a perpendicular direction before its force is entirely 
ſpent, provided you take care to alter the directions of the motion in 
every ſtroke but the laſt after a certain manner: that had the ſame 
body moved but with one degree of volocity in one direction, and 
that in a perpendicular one, it would have loſt all its force at once 
and bent but one of thoſe ſprings: which is far from proving the 
thing in queſtion. To make the reaſoning on this head concluſive, 
the two bodies ſhould not only be equal in quantity of matter, but 
alike in that material circumſtance the direction of their motions ; ſo 
that if one of the bodies move in a perpendicular direction the other 
ſhould do fo too; or it the one ſtrikes in an oblique direction the 
other ſhould alſo do ſo in the ſame degree of obliquity ; and laſtly it 
one moves in ſeveral directions, the other ſhould do the ſame. But in 
the caſe before us one is ſuppoſed to move but in one direction perpen- 
dicularly, and the other to move in three oblique directions, and but 
one perpendicular. 

Let therefore the ſame body move always in the ſame directions, 
and with a ſmall alteration the 22 uſed in this demonſtra- 
tion will be ſo far from proving that fide only of the queſtion for 
which it was brought, that it will equally ſerve to prove the other, 
namely that the forces of the ſame body moving with different veloci- 
ties are as thoſe velocities. For let the ſame body inſtead of moving 
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with two degrees of velocity move with but one, and in the ſame di + 
rections as above; only let the ſprings be capable of deſtroying but 
half a degree of velocity in a perpendicular direction; then by the 
{ame ſteps of reaſoning it will follow that this body will now alfo 
bend 4 ſimilar ſprings before its force is ſpent ; ſo that the ſame body 
moving with half the velocities, and in the ſame directions as before, 
bends the ſame number of ſprings ; only now the ſprings make bur 
half the reſiſtance that the ſprings in the former caſe made; therefore 
the effect in this caſe, according to our way of eſtimating an effect, 
is but half the former effect; conſequently the forces producing theſe 
effects are as 2 to 1; but in this ratio are the velocities with which the 
body moved in the two caſes ; therefore the forces are as the velocities. 
Let the body move with 3 degrees of velocity, and it will bend 
9 ſimilar ſprings, each deſtroying one degree of velocity in a per- 
pendicular direction, before the whole force is conſumed. So alſo by 
the ſame way of arguing tis as certain, that if the ſame body move 
with one degree of velocity it will bend 9 ſimilar ſprings, each de- 
ſtroying a third part of one degree of velocity in a perpendicular 
direction before its force is extinguiſhed : ſo that ſtill the effects or re- 
ſiſtances overcome in the ſame directions are, according to our way 
of computing, as 3 to 1; and ſo alſo their forces muſt be but in the 
ſame ratio of 3 to 1, as were the velocities; conſequently the forces 
are as the velocities. 
Since therefore this proof drawn from the doctrine of compoſition 
and reſolution of forces equally we both ſides of the queſtion, it 
proves too much or in reality nothing at all; and is therefore far from 
deſerving the name of a demonſtration. 
1 7. HE reſult of theſe experiments is, that the velocities of Remarks upon 
any fluid iſſuing out at equal orifices made in the ſides __ 
of veſſels filled up to different heights, and kept full at thoſe heights 14raz/ics, F 
above the orifices, are found to be as the ſquare roots of thoſe heights which ſeem to 
reſpe&tively. Thus, when the different heights above the orifices are fe, bat the 
as the numbers 1, 4, 9, 16, the velocities of the particles of water iſſu- one 2 
ing out, are found to be as the numbers 1, 2, 3, 4. The argument are as the 
drawn from theſe experiments in favour of the opinion, that the forces /#*ares of their 
of equal moving bodies are proportional to the ſquares of their velo- 3 oy” 
cities, runs thus. All the particles of water being of the ſame nature 400“ p. 343. 
and uniform, every ſingle particle iſſuing out with two degrees of Oct. &c. 1727. 
velocity muſt move with 4 times the force of any other ſingle particle 
that moves but with one degree of velocity; becauſe the force with 
which it moves is the effect of a cauſe 4 times greater; namely the 
preſſure of a column of water whoſe height is 4 times greater. 
Thus again a particle of water running out: with 3 degrees of velocity 
muſt move with 9 times the force of a particle moving with but 1 
degree of velocity; becauſe that force is the effect of a cauſe times 
greater, viz, the preſſure of a column 9 times higher: ſince no leſs. 
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than a column 9 times higher is found by experience neceſſary to make 
the ſeveral particles of water iſſue out with 3 degrees of velocity. 80 
that in theſe two inſtances it ſeems to be certain that the forces com- 
municed are as the ſquares of the velocities. And that it is ſo univer. 
{ally is argued thus: the preſſures are as the altitudes, and the altitudes 
as the ſquares of the velocities of every ſingle particle ; therefore the 
preſſures are as the ſquares of the velocities ; but the 7 are the 
cauſes of the forces with which the ſeveral particles of water iſſue out 
or move; and therefore ſince effects are proportional to their cauſes, 
the forces with which the ſeveral particles iſſue out and move are as 
the ſquares of the velocities. 

Remar I. The fault committed in this reaſoning, and which runs 
quite thro? it, is the miſtaking a part of the effect for the whole. The 
entire effect of any of theſe preſſures is not barely a certain number of 
degrees of velocity in any ſingle particle, but certain degrees of velo- 
city in a certain number of particles, and that certain number of particles 
in a given time is confeſſedly as the degrees of velocity. 

Remark II. The entire effect of theſe preſſures being conſider'd ſeems 

to overturn this new rule; for thoſe who advance it, at the ſame time 
that they aſſert the velocities in the caſes of the experiment above men- 
tion'd to be as the ſquare roots of the altitudes, do alſo confeſs that the 
quantities of the fluid preſſed out in equal times are as thoſe velocities. 
Now if it be true that the quantities of water flowing out in equal times 
are as the velocities, then the forces cannot be as the quantities of mat- 
ter multiplied by the ſquares of the velocities; for then the effects in- 
ſtead of being proportional would be more than in proportion to their 
cauſes. Thus the effect of a preſſure of a column of any fluid, as water, 
9 inches high, inſtead of being but 9 times greater than that of 1 inch 
above the orifice, will be no leſs than 27 times greater. For the velo- 
city being at this height triple, the quantity of matter in a given time 
will alſo be triple; which laſt multiplied by the ſquare of the velocity 
gives 27 for the force communicated by a preſſure of 9 inches in alti- 
rude, while the force communicated by the preſſure of 1 inch is but as 
1. So that the moving forces produced will be as 27 to 1, while the 
cauſes producing theſe forces are but as 9 to 1, i. e. three times too lit- 
tle for ſuch a purpoſe. Thus again if the velocities be as 1 and 4, the 
quantities of water iſſuing out will be as 1 and 43 but the effects or 
forces produced, according to the new rule, will be as 1 and 64; tho 
the preſſures which communicate them are but as the altitudes, which 
are as 1 and 16. Whereas to produce ſuch effects the altitudes of the 
latter column ought to have been as 64 ; 1. e. 4 times greater than by 
experience It is found to be. 

Remark III. I cannot but obſerve, in the laſt place, that the com- 


mon rule of eſtimating the forces of moving bodies by the quantities of 


matter multiplied by their velocities is rather confirm'd by theſe very 
+ Epit. clem. phyſ. math. Part II. Cap. IV. p. 665. 
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experiments. For then, according to the old maxim, effects are pro- 
portional to their cauſes, the forces communicated will be as the forces 
communicating or the preſſures. Thus let the altitude and conſequent 
preſſure of any column of water be 9 times greater than the altitude of 
another; then the velocity of every ſingle particle of water preſſed out 
will be triple, and the number of particles iſſuing out in a given time 
will likewiſe be triple; therefore the force reſulting from theſe two 
multiplied together according to the common rule will be 9, propor- 
tional to the preſſure, as it ought to be. So again if the altitude be 16 
times greater the velocity will be quadruple, and the number of the 
particles quadruple, and the force produced the product of theſe two; 
1. e. 16, ſtill proportional to the altitude or preſſure. And univerſally 
the forces communicated, according to the old rule, are in a ratio 
compounded of two others, one of the quantities of matter, and the 
other of the velocities ; the ratio of the velocities, by the experiments, 
is the ſubduplicate ratio of the heights, and the ratio of the quantities 
of matter is, by confeſſion, likewiſe the ſubduplicate of the heights ; 
therefore the compound of theſe two is the ratio integra or ſimple ratio 
of the heights; in which ratio are the preſſures themſelves which 
produce theſe moving forces; ſo that, according to the common rule, 
the effects are always proportional to their cauſes. 
II. 8. L Very effect muſt neceſſarily be proportional to its cauſe. To 
ſuppoſe any effect proportional to the ſquare or cube of its 
cauſe 15 to ſuppoſe that an effect ariſes partly from its cauſe, and partly 
from nothing. 

In a body in motion the force ariſing from the quanting of matter 
muſt neceſſarily be proportional to that quantity: and the force ariſing 
from the velocity of the motion muſt neceſſarily be proportional to 
that velocity. The whole force therefore ariſing from theſe two cauſes 
muſt neceſſarily be proportional to them both taken together. Where- 
fore in bodies of equal bigneſs and denſity the force mult neceſſarily be 
always proportional to the velocity of the motion. If the force were as 
the ſquare of the velocity, all that part of it which was above the pro- 
portion of the velocity would ariſe either out of r (according 
to Mr. Leibnitz's philoſophy) out of ſome living ſoul eſſentially belong- 
ing to every particle of matter. 

Whenever any effect is in a duplicate proportion of any cauſe, tis 
always either becauſe there are two cauſes acting at the ſame time, or 
that one and the ſame cauſe continues to act for a double time. . 

The reſiſtance made to a body moving in any fluid medium is in a 
duplicate proportion to the velocity of its motion, becauſe in propor- 
tion to its velocity it is reſiſted by a greater number of particles in the 
ſame time; and again in proportion to its velocity it is reliſted by the 
ſame particles ſingly with a greater force, as being to be moved out of 
their places with greater velocity. 
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Light decreaſes in a duplicate proportion of its diſtance from the 


ſun, becauſe the rays divaricate according to two dimenſions, accordi 


to the dimenſion upwards or downwards, and according to the dimen- 
ſion ſideways. But according to the third dimenſion forwards from 
the ſun it undergoes no alteration, becauſe the particles of which a ray 
of light conſiſts being all emitted with an equal velocity, continue every 
where at an equal diſtance from each other. 

The ſame cauſe acting in a double time produces the ſame effect as 


two equal cauſes acting in a ſingle time. The ſame force in two parts 


of time will cauſe a body in motion to deſcribe the ſame ſpace as double 
the force would do in one part of time. The ſpace deſcribed therefore 
by a body in motion is not as the force, but as the force and the time 
taken together. A body with any the leaſt aſſignable force will move 
thro* infinite ſpace, if it meets with no reſiſtance in an infinite time. 
And in ſpaces where there is an uniform reſiſtance to motion, the ſpace 
deſcribed before the motion ceaſes muſt needs be as the force and as the 
time together; becauſe a double force will carry a body twice as far in 
the ſame time, and will alſo cauſe the motion to be twice as long time 
in deſtroying by an uniform reſiſtance. The ſpace deſcribed therefore 
before the motion ceaſes is in this caſe demonſtrably as the ſquare of 
the force. A body thrown upwards with double force will be carried 
four times as high, before its motion be ſtopt by the uniform reſiſtance 
of gravity ; becauſe the double force will carry it twice as high in the 
ſame time, and moreover require twice the time for the uniform refiſt- 
ance to deſtroy the motion. The caſe is the ſame in accelerated motion, 
whether by a ſucceſſion of elaſtic impreſſions or by the uniform power 
of gravity, or by any other uniform power whatſoever. The ſpace 
deſcribed muſt needs be as the force and as the time wherein the force 
operates. 

What I have thus demonſtrated concerning any force conſider'd as 
the cauſe producing an effect, and concerning the time during which 
the force operates, 1s on all hands acknowledg'd to be true concerning 
velocity. And therefore velocity and force in this caſe are one and the 
lame thing. So that to affirm force to be as the ſquare of the velocity, 
is to affirm that the force is equal to the ſquare of itſelf. From hence 
appears very clearly the ground of the error theſe gentlemen have fallen 
into, and of their miſapplication of their experiments. 

The effect of a force impreſs'd on a moveable body is the motion 
of that body from one place to another. Now ſince the effect can- 
nat but be proportional to its cauſe, Mr. Leibnitz and his followers 
contend that the ſpace deſcrib'd by a body in falling is proportional 
to the force by which it is impell'd during its fall; and that the force 
acquir'd by a uk in falling is proportional to the ſpace deſcrib'd in 
its fall. Which ſpace being agreed to be as the ſquare of the velocity 
(as being proportional to the velocity and to the time taken together) 
hence they inter that the force likewiſe is as the ſquare of the 5 
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But from what has been ſaid tis plain, that the ſpace deſcrib'd in theſe 
and all other the like caſes is not as the force only, but as the force and 
as the time wherein the force acts; that is to ſay as the ſquare of the 
force. For the cauſe of the quantity of the ſpace deſcrib'd is not barely 
the 3 of the force, but alſo the continuance of the time wherein 
the force acts. The force therefore and the time taken together being 
neceſſarily as the ſpace deſcrib'd, as the velocity and the time taken to- 
gether are on all hands acknowledg'd to be, it follows that the velocity 
and the force are equal, and not the force as the ſquare of the velocity. 
When two unequal bodies faſten'd to the arms of a balance of un- 
equal length counterpoiſe each other and vibrate in equal times, as 
they mult neceſſarily do being faſten'd to the arms of the ſame balance, 
which 1s an obſervation that Mr. Leibnitz lays great ſtreſs upon in 
that caſe indeed the forces will be as the ſpaces deſcrib'd, but not there- 
fore as the ſquares of the velocities; for in that caſe the velocities them 
ſelves are as the ſpaces deſcrib'd, becauſe the times are equal. 
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When a body projected with a double velocity enters deeper into 


ſnow or ſoft clay, or into a heap of ſpringy or elaſtic parts, than in 
proportion to its velocity, *tis not becauſe the force is more than pro- 
portional to the velocity, but becauſe the depth to which it penetrates 


ariſes partly from the degree of the force or velocity, and partly from 


the time wherein the force operates before it be ſpent. 


In the colliſion of hard bodies *tis (I think) agreed on all hands, that 


when a perfectly hard ball moved with whatever degree of velocity 
ſtrikes full upon another hard ball. equal in bigneſs and weight, and 
without any motion in it, if the balls be unelaſtic they will both go on 
together the ſame way dividing the motion equally between them, with 
half the velocity the firſt ball had originally; but if they be perfectly 
elaſtic, the moving ball will communicate its whole motion and velocity 
to the quieſcent ball, and itſelf lie ſtill in the others place. Now were 
it true that the force of the moving ball is as the ſquare of its velocity, 
theſe experiments would ſhew (which is infinitely abſurd) that the vis 
inertiz in the quieſcent ball, the dead force, is always proportional to 
the ſquare of the velocity (which theſe gentlemen call the living force) 
of the moving ball, whatever its velocity were The force in both 
might juſt as reaſonably be ſuppoſed to be as the cube, or any other 
power of the velocity of the moving ball ; which is turning the nature 
of things into ridicule. | 


III. Took a ball of gold of an inch in diameter that had a little Experiment, 


ſtem of the ſame metal, with a place on it to faſten a ſtring 

to; and having ſuſpended it by a ſilken thread too ſtrong to lengthen 
by ſtretching, I made the diſtance between the center of the ball and 
the point of ſuſpenſion equal to 12,5 inches, then cauſing" the ball 
to vibrate in a trough full of water, (which had an upright piece of 
wood in the middle of one fide with pins from which the ball hung, 
that the center of ſuſpenſion might always be in, the ſame place) 1 
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and one grain of its weight; that is it weigh' 
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obſerv'd by looking from a pin on one ſide of the trough to a mark 


made oppoſite to it on the other ſide, whereabouts the ſtring of the 
pendulum ( juſt above the ſurface of the water in which the ball was 
quite immers'd ) went after 14 vibrations; and by another pin and 
oppoſite mark, alſo obſerv'd where it went to after 28 vibrations, 
Taking out the water I fill'd the trough with mercury, the length of 
the pendulum, point of ſuſpenſion and all other things remaining as 
before : then letting go the ball in the mercury from the ſame place 
whence it was let down when the trough was full of water; (which 
was mark'd by a ſtring ſtretched acroſs to prevent miſtakes) after 
one whole vibration it came very little ſhort of the ſame mark as ir 
had come to in water after fourteen vibrations, and when it vibrated 
twice in mercury, it came to the ſame place it had done after be- 
tween 26 and 28 vibrations in water; and this it did exactly ſeveral 
dimes. 

Afterwards filling an upright copper pipe of four inches diameter 
with mercury to the height of 3 foot 10 inches, and ſuſpending the 
golden ball in it by a ſhort ſtring about an inch long, ſo as to have 
the ball juſt immers'd under the middle of the ſurface of the mercury 
I caus'd it to be let down ſuddenly, and obſerving how long it was 
falling down to the bottom of the tube, I found that the experiment 
was diſturb'd by the ball's ſtriking againſt the ſides of the tube, which 
retarded the fall of the ball, and the more ſo the oftner the ball 
ſtruck. When the ball was leaſt retarded it was only two ſeconds 
and a half in falling, which muſt be taken as the true time of the fall 
of the ball in an height of quickſilver equal to 3 foot 10 inches; be- 
cauſe when I try*d the experiment again the ball fell in the mercury 
once or twice without ſtriking the ſides of the tube at all, but not in 
leſs time than 2” x. | 

I alfo repeated the other experiments at home, making the golden 
pendulum 39, 2 inches long, ſo as to make it vibrate but once in a ſe- 
cond, and then I found that it wou'd vibrate 5 or 6 times in the mer- 
cury before the vibrations became ſo ſmall as not to be obſerv'd; and 
then the firſt vibration in the mercury ended very near where the 14th 
in water had done ; the ſecond in mercury ended where the 27th in 
water had done, and obſerving the third vibration in mercury, it 
ended exactly at the mark where the 4oth in water ended; and this 
was obſerv'd by ſeveral perſons as well as myſelf. Then J weigh'd 14 
penny-weight of the mercury (in which I made the experiments) 

in the air, then in water, where it loſt ny one penny-weight 

in air 336 grains, 

and in water 311, ſo that its ſpecifick gravity was to that of water as 

13,44 to 1. As to the golden ball which had varniſh and cement 

ypon it to keep the mercury from linking into it, I found it to weigh 
as follows, > 


It 
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ounces dwr. gr. 
It weigh'd in mercury 1 00 18 or 498 gr. 
in water 5 ot oo or 2424 gr. 
in air 5 o/ 09 or 2577 gr. 

I took the wire and pendulum of a long pendulum clock, and ha- 
ving faſten'd the golden ball at the end of the wire under the pendu- 
lous weight that ſerv*d for the clock, in order to make the vibrations 
of the golden ball in the mercury continue longer, I did not find it 
to keep on the motion above one ſwing or two the longer for that 
help; neither did a round ball of lead placed upon the faid wire, 
juſt above the ſurface of the me help any more; and as I found 
ſome inconveniences in theſe two laſt ways of making the experiment, 
| rather chuſe to rely upon thoſe made with the golden ball hanging by 
a ſilken thread of 39,2 inches long, meaſuring from the point of 
ſuſpenſion to the center of the ball. | 
IV. Hereas ſeveral who have been curious in meaſuring of 
time have taken notice, that the vibrations of a pendu- 
lum are flower in ſummer than in winter; and have very juſtly ſup- 
poſed thisalteration has proceeded from a change of length in the pendu- 
lum itſelf by the influences of heat and cold upon it in the different ſeaſons 
of the year; with a view therefore of correcting in ſome degree this defect 
of the pendulum, I made ſeveral trials about the year 1715. to diſcover 
whether there was any conſiderable difference of expanſion between braſs, 
ſteel, iron, copper, ſilver, &c. when expoſed to the ſame degrees of 
heat, as nearly as I could determine ; conceiving it would not be very 
difficult, by making uſe of two ſorts of metals differing conſidera- 
bly in their degrees of expanſion and contraction to remedy in great 
meaſure the irregularities to which common pendulums are ſubject. 
But altho? it is eaſily diſcoverable, that all theſe metals ſuffer a ſenſible 
alteration of their dimenſions by heat and cold; yet I found their dif- 
ferences in quantity from one another were ſo ſmall, as gave me no 
hopes of ſucceeding this way, and made me leave off proſecuting this 
affair any farther at that time. In the beginning of Dec. 1721, ha- 
ving occaſion for an exact level, beſides other materials I made trial of, 
quickſilver was one; which although I found it was by no means pro- 
per for a level, yet the extraordinary degree of expanſiog that I ob- 
ſerved in it when placed near the fire, beyond what I had conceived 
to be in ſo denſe a fluid, immediately ſuggeſted to me the uſe that 
might be made of it by applying it to a pendulum. In a few days 
after I made the experiment, but with much too long a column of 


quickſilver, the clock going ſlower with an increaſe of cold, contrary 


to the common pendulum ; however it was a greater confirmation of 
the advantage to be expected from it, ſince it was eaſy to ſhorten the 
column in any degree required. The only doubt I entertained was, 
leſt there ſhould not be a proportional expanſion and contraction be- 
tween the quickfilver and the rod of the pendulum, through the vari- 
ous degrees of heat and cold from the one extreme to the other. To 
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make this experiment the more convincing, I placed the clock in a 
part of the houſe; the moſt expoſed of any to the changes of heat 
and cold, the room having no fire in it in the winter, and expoſed to 
a ſouth ſun with leads above it, which in the ſummer made it ex. 
tremely hot. I hung a thermometer by it, and had likewiſe another 
clock at no greater diſtance from it, than was neceſſary to keep the 
caſes from touching one another. This clock had been made ſome 
years before with extraordinary care, having a pendulum about 60 
pounds in weight, and not vibrating above one degree and half from 
the perpendicular; and which in a more temperate ſituation, had not 
alter d above 12 or 14 in 24 hours between winter and ſummer ; but 
in this place it altered 30“ a day, between the hotteſt and coldeſt 
weather in the year 1722, a year no way remarkable for either 
extremes. But this great alteration was owing to the ſituation I men- 
tioned above, and which I made choice of for the ſake of making the 
experiment the more ſenſible. The two clocks being firmly ſkrewed 
to a party-wall, I began to make the firſt trial of this kind of pen, 
dulum Dec. 18. 1721. and, by January the third, perceiving the 


pillar of quickſilver conſiderably too long, I procured a ſhorter glaßs, 
which I got ready by the eighth, and made uſe of until the beginning 
oſ June following: by which time I was well ſatisfied of the adyan- 


tage of the contrivance, notwithſtanding both "theſe 28 were 
hut rudely executed, and this laſt had the pillar of quickſilver too 
ſhort, but much nearer the true length than the firſt. This encouraged 
me to provide another glaſs, a little longer than the laſt, and to be- 
ſtow more care upon all the parts of the pendulum that required ex. 
actneſs. This being finiſhed by the qth of June, I began then to ob- 
ſerve the motion of the clock by the tranſits of the fixed ſtars, as of- 
ten as the weather permitted, making uſe of a teleſcope which moved 
in the plane of the meridian; with this inſtrument I could be ſure of 
not erring above two ſeconds in time. The clock was kept conſtantly 
going without having either the hands or pendulum alter*d, from the 
gth of June 1722, to the 14th of Oct. 1725, being three years and 
four months. 

For the firſt: year I wrote down every day the difference between the 
two clocks, with the heighth of the thermometer, not omitting the 
tranſits of the ſtars, as often as it was clear. The reſult of all the ob- 
ſervations was this, that the irregularity of the clock with the quick- 
ſilver pendulum, compared with the tranſits of the ſtars, exceeded not, 
when greateſt, a ſixth part of that of the other clock with the com- 
mon pendulum ; but for the greateſt part of the year, not above an 
eighth or ninth part; and even this quantity would have been leſſened 
had the pillar of mercury been a little ſhorter ; for it differed a little 
the contrary way from the other clock, going faſter with heat, and 
ſlower with cold ; but I made no alteration in the length, to avoid an 
interruption of the obſervations. To confirm this experiment the 
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more, about the beginning of July 1723, I took off the heavy pen- 
1 MF Gulum from the other clock, and made another with quickfilver, but 
at with this difference, that inſtead of a glaſs tube I made uſe of braſs, 
to and varniſhed the inſide, to ſecure it from being injured by the mer- 
x- WF cury. This pendulum I have made uſe of ever ſince, and find it about 
er ¶ the ſame degree of exactneſs as the other. The reaſon why this kind 
he ¶ of pendulum is more exact than the common ſort, will be evident to 
ne Wl any one who conſiders that as heat lengthens the rod of the pendulum, 
bo WW zi the fame time it increaſes the length of the pillar of quickſilver, 
m and its center of gravity is moved upwards: and when by cold the 
ot WM rod of the pendulum is ſhortened, the pillar of quickſilver is likewiſe 
ut WF ſhortened and its center of gravity carried downwards; by this means, 
ſt Wl if the column of quickſilver be of a proper length, the diſtance be- 
er teen the point of ſuſpenſion and the center of oſcillation of the pen- 
n- dulum, will be always nearly the ſame, upon which the exact motion 
he Wi of a clock principally depends. Were the pendulum of a clock to 
ed ¶ remain invariably of the ſame length, yet ſome little inequalities would 
en. appear in its motion from the difference of friction ariſing from the 
imperfections of the materials as well as different degrees of foulneſs; 
us, pon which account the force communicated to the pendulum would 
ing rot be conſtantly equal, which would cauſe ſome ſmall alteration. 
an- But when the pendulum is very heavy and vibrates in a ſmall arch, 
ere and the workmanſhip of all the parts is well performed, there will be 
too very little inequality in the motion beſides. what proceeds from heat 
ved ad cold. WL. 
be- In making uſe of quickſilver for a pendulum, by varying the dia- 
ex. neter of the veſſel that contains it, or the thickneſs of the rod of the 
ob. ¶ pendulum, whether it be of braſs or ſteel, they may be reduced nearly 

o an equality as to the receiving or retaining the impreſſions of heat 
or cold, upon which the greater regularity of the motion depends 
: of WF ad particular care ought to be uſed to free the mercury from all blebs 
ntly WF cf air, otherwiſe their great and ſudden expanſion or contraction 
the WF may cauſe a conſiderable Kerder: but the air may as eaſily be ex- 

cuded in this way as in a barometer, and the great ſpecific gravity 
1 renders it a proper material for the weight of a pen- 
lum. | 
V.T Heorem. AB is a balance fig. 131. on which is ſuppos'd to hang 

at one end B the ſcale E with a man in it, who 1s counterpoiſed 
by the weight W hanging at A the other end of the balance. I ſay if that 
man, with a cane or any rigid ſtrait body puſhes upwards againſt the 
**am any where between the points C and B (provided he doth not puſh 
tircftly againſt B) he will thereby make himſelf heavier, or overpoiſe 
te weight W, tho' the ſtop G G hinders the ſcale E from being thruſt 
outwards from C towards GG. I ſay likewiſe that if the ſcale 
ind man ſhould hang from D, the man by puſhing upwards againſt B, 
or any where between B and D (provided he doth not puſh — 
again 


279 


A prope/ition 
on the balance 
not taken no- 
tice of by me- 
chanical wri- 
ters. By the 
Rev. Dr. De- 
ſaguliers, ». 


409. Pp. 128. 


May, &c. 


1729. 
Fig. 13% 


CY >” 
- 


280 


A propoſition on the Balance. PART I. 


againſt D) will make himſelf lighter or be over - poĩſed by the weight W. 
which did before only counterpoiſe the weight of his body and the ſcale. 

If the common center of gravity of the ſcale E, and the man ſuppo- 
ſed to ſtand in it be at k, and the man by thruſting againſt any part of 
the beam cauſe the ſcale to move outwards ſo as to carry the ſaid com- 


mon center of gravity to & x, then inſtead of BE, L] will become the 


line of direction of the compound weight, whoſe action will be increa- 
ſed in the ratio of LC to BC. This is what has been explain'd by ſe- 
veral writers of mechanics; but none that I know of has conſider'd the 
caſe when the ſcale is kept from flying out, as here by the poſt GG, 
which keeps it in its place, as if the ſtrings of the ſcale were become in- 
flexible. Now to explain this caſe let us ſuppoſe the length BD of halt 
of the brachium BC ro be equal to 3 feet, the line BE to 4 feet, the 
line E D of 5 feet to be the direction in which the man puſhes, DF and 
FE to be reſpectively equal and parallel to BE and BD, and the whole 
or abſolute force with which the man puſhes equal to 10 ſtone. Let 
the oblique force ED (==10 ſtone) be reſolv*d into the two EF and EB 
(or its equal F D) whoſe directions are at right angles to each other, and 
whoſe reſpective quantities (or intenſities) are as 6 and 8, becauſe EF 
and BE are in that proportion to each other, and to ED. Now ſince 
E F is parallel to BDCA the beam, it doth no way affect the beam 
to move it upwards; and therefore there is only the force repreſented 
by FD, or 8 ſtone to puſh the beam upwards at D. For the ſame 
reaſon, and becauſe action and reaction are equal, the ſcale will be puſh'd 
down at E with the force of 8 ſtone alſo. Now ſince the force at E pulls 
the beam n downwards from the point B diſtant from C 
the whole length of the brachium B, its action downwards will not be 


diminiſhed, but may be — 8 by 8 x BC: whereas the action up- 
wards againſt D will be half loſt by reaſon of the diminiſh'd diſtance 


from the center, and is only to be expreſs'd by 8 x _ 3 and when 


the action upwards to raiſe the beam is ſubtracted from the action 
downwards to depreſs it, there will ſtill remain 4 ſtone to puſh down the 


ſcale; becauſe TxBT—8 x ABC. Conſequently a weight cf 


4 ſtone muſt be added at the end A to reſtore the æquilibrium. There- 
tore a man, &c. puſhing upwards under the beam between B and D, 
becomes heavier. On the contrary if the ſcale ſhould hang at F from 
the point D only 3 feet from the center of motion C, and a poſt g g hin- 
ders the ſcale from being puſh'd inwards towards C, then if a man in 
this ſcale F puſhes obliquely againſt B with the oblique force above 
mentioned, * whole force, for the reaſons before given (in reſolving 
the oblique force into two others acting in lines perpendicular to each 
other) will be reduced to 8 ſtone, which puſhes the beam directly vp 
| wa 
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wards at B, while the ſame force of 8 ſtone draws it directly down at D 
towards F. But as CD 1s —_ ual to half of CB, the force at D 
compar'd with that at B loſes half its action, and therefore can only 
take off the force of 4 ſtone from the puſh upwards at B; and conſe- 
quently the weight W at A will preponderate, unleſs an additional 
weight of 4 ſtone be hang'd at B. Therefore a man &c. puſhing up- 
wards under the beam between B and D becomes lighter. | 

Schol. I. Hence knowing the abſolute force of the man that puſhes 
upwards (that is the whole oblique force), the place of the point of tru- 
fon D and the angle made by the direction of the force with a perpen- 
dicular to the beam at the ſame point, we may have a general rule to 
know what force is added to the end of the beam B in any inclination 
of the direction of the force or place of the point D. 

Kue for the firſt caſe. Firſt find the perpendicular force by the fol- 
lowing analogy, whoſe demonſtration is known to all that underſtand 
the application of oblique forces, 

As the radius: 

To the right ſine of the angle of inclination:: 
So is the oblique force: | 
To the perpendicular force, | 

Then the perpendicular force multiplied into the length of the bra- 
chium B C, minus the ſaid force multiplied into the diſtance DC, will 
give the value of the additional force at B, or of the weight required 
to reſtore the equilibrium at A. 

Or to expreſs it in the algebraical way. Let o f expreſs the oblique 
force, pF the perpendicular force, and x the force required or value of 
the additional weight at A to reſtore the æquilibrium. 

DE: DF 1X #37 

p» f x BC 7 x DC=x 
The ſame rule Will ſerve for the ſecond caſe if the quantity found be 
made negative, and the additional weight ſuſpended at B. Or having 


found the value of the perpendicular force the equation will ſtand thus 
—_—  — 


— CTF x DC = — x, and conſequently the additional 
weight muſt be hanged at B, becauſe — x at A is the ſame as ++ x at B. 
| Schdl. II. Hence it follows alſo that if in the firſt caſe the point of 
truſion be taken at C, the force at B (or force whoſe value is required) 
will be the whole perpendicular force, becauſe CD is equal to nothing; 
and if the point D be taken beyond C towards A, the perpendicular 
force puſhing upwards at that point multiplied into DC muſt be added 
to the ſame force multiplied into BC, that is f BC +pfxDC=x. 

The machine I made uſe of to prove this experimentally was as fol- 
lows, fig. 132. The braſs balance AB is 12 inches long moveable upon 
the center C, with a perpendicular piece Bb hanging at the end B, and 
moveable about a pin at B, and ſtopt at its lower end b (by the upright 


plate G G) from being thruſt out of the ndicular by the puſhing 
Vor. VI. Paar * wr FO pipe 
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r P and W are equal, and alſo the lines e a and b g, their momenta made 
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pipe FE, whoſe lower point being put into a little hole at H, the up- 
per wyre or point (when put into another little hole under the beam at 
D) is by means of the worm-ſpring E F preſſing againſt the plug E to 
drive forwards the ſaid wyre h D, made to puſh the ſaid beam upward; 
with the force of the ſpring. TSS is a ſtand to which is fix'd the pi]. 

lar I C that ſuſtains the balance; and it has alſo a flit SS to receive a 
ſhank of the moveable plate G G, to be fix'd in any part of the ſlit by 
a ſcrew underneath. _ 

Exper. Hang on Bb, then let EF be ſo applied to the hole H that 
its upper wyre D may go thro! a little loop at D ſo as not to thruſt 
the beam upwards, but be in the ſame poſition as if it did, that by hang- 
ing on the weight W the brachium BC with Bb and F E may be coun- 
terpois'd; and then the action againſt D and H may be eſtimated with- 

- out de weight of the puſhing pipe. 

Then drawing down the end of the wyre * thruſt it into the little 
hole under D, and B will be ſo pull'd downwards as to require the 

additional weight of 4 ounces to be hung on at A to reſtore the xqui- 

librium, when B H 1s 4 inches, BD 3 inches, and the whole force of 
the ſpring equal to 10 ounces. 

I need not here ſay, that for explaining the ſecond caſe Bb is to be 
ſuſpended at D, with ip pos GG fix'd to ſtop it at the place M 
to keep it from being puſh'd towards T, and that the upper end of 
GFE De muſt puſh into an hole made under B, in which caſe the 
weight P muſt be hang'd at B to reſtore the æquilibrium. 

P. S. To ſhew experimentally that the force which the ſpring ex- 
erts in this oblique truſion is equal to 10 ounces; take the beam AB 
which weighs 4 ounces from its pedeſtal CT, and having ſuſpended at 
each end A and B 3 ounces, ſupport it under its center of gravity by 
the puſhing pipe EF ſet upright under it, and you will find that the 
beam with the two weights will thruſt in the wyre K h as far as h, the 

lace which the oblique truſion drives it to. 

A mechanical VI. Prop. F the two weights P, W, fig. 133. hang at the ends of 
— ehe 1 the balance AB whoſe center of motion is C, they will 
0 equal . K . 
weights ſuf. act againſt each other with forces made up of the quantity of matter in 
pended on each multiplied by its velocity, that is by the velocity which the mo- 
ee 23 tion of the balance turning about C will give to the body ſuſpended. 
* Now the velocity of an heavy body is its perpendicular aſcent or de - 
brium by being ſcent, as will appear by moving the balance into the poſition ab; 
removed one which ſhews the velocity of P to be the perpendicular line e a, and 
farther fron, the velocity of B will be the perpendicular line bg : for if the weights 


ter. By the up of e @ multiplied into W, and 6g multiplied into P will be equal, as 
Jams, 1. 419. will appear by their deſtroying one another in making an æquilibrium. 
p. 125. June gut if the body W was removed to M and ſuſpended at the point D, 


1731. 


Fig. 133. then its velocity being only f d, it would be over-balanc'd by the 
body P; becauſe F d multiplied into M would produce a leſs momen- 


cum 
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tum than P multiplied into bg. As the arcs Aa, Bb, and D d, de- 
ſcribed by the ends of the balance or points of ſuſpenſion arc propor- 
tionable to their ſines ea, gb, and df, as alſo the radii or diſtances 
CA, CB, and CD; in the caſe of this common fort of balance, the 
arcs deſcribed by the weights or their points of ſuſpenſion, or the 
diſtances from the center may be taken for the velocities of the weights 
hanging at A, B, or D; and therefore the acting force of the weights 
will be reciprocally as their diſtances from the center. 

Scbol. The diſtances from the center are taken here for the velo- 
cities of the bodies, only becauſe they are proportional to the lines 
ea, bg, and fd, which are the true velocities. For there are a great 
many caſes wherein the velocities are neither proportionable to the 
diſtances from the center of motion of a machine, nor to the arcs de- 
ſcribed by the weights or their points of ſuſpenſion. Therefore it is 
not a general rule that weights act in proportion to their diſtance; 
from the center of motion; but a corollary of the general rule, that 
weights act in proportion to their true velocities, which is only true in 
ſome caſes. Therefore we muſt not take this caſe as a principle which 
moſt workmen do, and all thoſe people who make attempts to find 
the perpetual motion, as I have more amply ſhewn in the phil. tranſ. 
Ne 369. But to make this evident even in the balance we need only 
take notice of the following experiment, fig. 134. ACBEKD is a 
balance in the form of a parallelogram paſſing thro? a ſlit in the upright 
piece N O ſtanding on the pedeſtal M, ſo as to be moveable upon the 
center pins C and K. To the upright pieces A D and BE of this ba- 
lance are fix'd at right angles the horizontal pieces FG and HI. That 
the equal weights PW muſt keep each other in æquilibrio is evident; 
but it does not at firſt appear ſo plainly, that if W be removed to V, 
being ſuſpended at 6, yet it ſhall ſtill keep P in zquilibrio ; tho? the 
experiment ſhews it. Nay if W be ſucceſſively moved to any of the 
points 1, 2, 3, E, 4, 5, or 6 the equilibrium will be continued; or if 
W hanging at any of thoſe points, P be ſucceſſively moved to D or any 
of the points of ſuſpenſion on the croſs piece FG, P will at any of thoſe 
places make an æquilibrium with W. Now when the weights are at 
P and V, if the leaſt weight that is capable to overcome the friction at 
the points of ſuſpenſion C and K be added to V, as u, the weight V will 
over-power, and that as much at V as if it was at W. 

From what we have ſaid above the reaſon of this experiment will be 
very plain. As the lines AC and K D, CB and K E always continue of 
the ſame length in any poſition of the machine, the pieces AD and BE will 
always continue paralte] to one another, and perpendicular to the horizon : 
however the whole machine turns upon the points Cand K, as appears by 
bringing the balance to any other poſition, as ab ed; and therefore as 
the weights applicd to any part of the pieces F G and HI can only bring, 


down the pieces AD and BE perpendicularly, in the fame manner as it 


+ Vide infra- 
$. IX. 
Fig. 134. 


they were applied to the hooks D and E, or to X and Y, the centers. 
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of gravity of AD and BE, the force of the weights (if their quantity 
of matter is equal) will be equal, becauſe their velocities will be their 
perpendicular aſcent or deſcent, which will always be as the equal lines 
41 and 4 L, whatever part of the pieces FG and HI the weights are 
applied to. But if to the weight at V be added the little weight , thoſe 
two weights will over- power, becauſe in this caſe the momentum is 
made up of the ſum of V and multiplied by the common velocity 4 L. 
Hence follows, that it is not the diſtance c 6 multiplied into the 
weight V which makes its momentum, but its perpendicular velocity 
L 4 multiplied into its maſs. This is ſtill further evident by taking out 
the pin at K, for then the weight P will over-balance the other weight 
at V, becauſe then their perpendicular aſcent or deſcent will not be 
equal, | 
VII. HE N great weights are to be rais'd from a great depth 
and laid on carriages very near the precipice, as at the 
edge of a ſtone quarry, the crane muſt be a fix*d one, and only the 
gibbet moveable from which the weight hangs, fig. 135. Here in the 
common way the rope Rr or chain which runs over the gibbet, 
goes between two pullies P, Q fixed within the upper horizontal beam 
of the crane AQ TX, above the axis of the gibbet B GV fo as to 
be carried eaſily to the right or left hand from W to w, when the 
gibbet turns upon 1ts axis to bring the burthen over the carriage de- 
ſign'd to receive it. For this purpoſe a ſmall rope call'd the guide- 
rope is faſten'd to the weight, or to the upper part of the gibbet near 
its extremity, g, Which a man is to pull to bring the weight over the 
place to which it muſt be lower'd. Now in performing this the main 
rope or chain not continuing parallel to the arm of the gibbet gives 
the weight a tendency towards that {ide to which it deviates, and that 
ſometimes ſo ſuddenly that without care and much force applied, if the 
weight be very great the burthen will ſwing to or from the carriage, 
ſo as to break every thing in its way. Sometimes an horizontal piece 
like an handſpike is fix'd in the upright ſhaft of the gibbet a little 
aboye B to turn it by; but in that caſe too the force is unequal as the 
weight is carried round; ſo that the lives of the men that are loading 
often depend upon the care of the man who guides the weight, by 
either of the means above-mentioned. N. B. No ſituation of the pul- 
lies can prevent this; and we find accidents to happen every day, as 


will appear by the examination of fig. 137. 


But if upon the axis of the gibbet there be fix'd an iron wheel), 
with many teeth to be carried round by a pinion 2, of a few leaves, 
upon the end of whoſe axis is faſten'd a wheel x with arms (that axis 


going through the perpendicular piece T Z behind the ſhaft of the 


gibbet) a man ſtanding at that wheel is out of harm's way, and has 
ſuch an advantage of power as to hold the weight ſteady in any place 
requir'd notwithſtanding its tendency to ſw ing as-mention*d above, which 
is not felt at the ends of the arms of this laſt wheel, The firſt 25 
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ufed this contrivance was Mr. R. Allen Poſtmaſter of Bath at his 
ſtone-quarry, where the weight raiſed is ſometimes 6 or 7 ton, and 
the power to bring it up works here by a capſtane RO drawn round 
by horſes that 1t may come up more expeditiouſly, though in the figure 
the handſpikes, /, e, b, going in at ſuch a hole as, d, ſhew that men 
may work 1t upon occaſion, 

The ſame gentleman having laid his ſtone on waggons of a pecu- 
liar make, runs it down hill about a mile and an half on a wooden 
waggon-way to the river-ſide where he has a wharf, and there, by 
another crane exactly ſuited to the work, he takes the ſtone from the 
A and with great expedition lets it down into the barges or 
veſſels. 

This crane is of the fort which is commonly calPd a Rat's Tail 
Crane, fig. 141. moving round a ſtrong poſt like a wind-mill, fo that 
ir may turn quite round with all its load. The axle B, on which 
the rope winds is here horizontal like a winch ; but to gain ſtrength, 
inſtead of the walking wheel C A, it is carried round by a ſtrong 
wheel and amp. fig. 139, 140, or is in effect a double axis in peri- 
trochio. Now in the common cranes of this kind there is only a catch 
(as EKA, fig. 139.) to hoid the burthen at the height it is brought 
up to, whilſt the crane is turn'd round in order to have the weight 
lower'd into the veſſels, which is done by lifting up the catch and 
being ready to let it down again as need requires. Sometimes an half 
circumference of wood (DI IB, fig. 139.) is held hard againſt a wooden 
wheel W w on the axle, to regulate and govern the deſcent of the 
weight. But as in either of theſe caſes, if the man at the crane is 
careleſs, very bad accidents happen. Mr. Padmore, Mr. Allen's 
chief workman, has made ſuch a contrivance that the pall or lever 
whereby the axle is preſs'd to direct the deſcending motion does ſo 
communicate with the catch, that in caſe the man that ought to ma- 
nage it ſhow'd careleſly let it go, the catch always takes, and thereby 
all accidents are prevented; as will be ſhewn in the explanation of the 
139 and 140 figures. 

Where goods are to be rais'd high, as in unloading veſſels, and alſo 
to be let down deep as in loading them; if the weights do not exceed 
two or three ton, and many hands are not to be had, then an endleſs 
ſcrew turn'd by an handle at each end (in an oppoſite ſituation, or 
with one handle and a balance to it) leading an axis in peritrochio, or 
as it is commonly call'd, a worm and wheel applied to a crane with a 
gibber is moſt uſeful: for the teeth of the wheel are pulPd by the 
weight ſo directly againſt the thread of the worm in its endeavour to 
deſcend, that one may leave the handle in any poſition where it will 
ſtop without any catch, or the leaſt danger of the weight falling back 
again. But then if you would have the weight to be let down to de- 
ſcend pretty quick, which cannot be perform'd by applying the hand 
to the handle, which goes through a great ſpice in compariſon N the 
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ſpacedeſcrib'd by the weight (without which ſufficient force would be 
wanting) only give the handle a ſwing, and it the worm be well 
vid, the handle and its counterpoiſe, or the two handles will perform 


the office of a fly in the common jack, turning very faſt round, and 


regulating the motion of the weight, which from that impulſe will de. 
ſcend continually and not too faſt, like the weight of a jack. The 
way to ſtop this motion at any time, is to graſp the axis of the ſcrew 
hard, betwixt the ſcrew and the handle in 1ts round part. The hand 
is ſufficient to do it and will ſtop it in two or three turns. 

The worſt cranes are thoſe where men walk in a large wheel, by 
reaſon of accidents that happen daily on account of the ſhort ſpace 
between a man's two feet. This may be prevented by uſing four 
footed animals, the length of whoſe bodies makes a baſe of ſufficient 
length to keep the wheel from running back, fig. 141. 

Fig. 135, repreſents a fix d crane with a gibbet moving on an up- 
right ſhaft or axis. A Q the roof of the crane to preſerve ther 


RT from the weather, when the arm of the gibbet V G g being 


turn'd towards Y is brought under ir. A T the upper piece of the 
crane is an horizontal ſituation , calPd the plate of the crane. 
X, Y, Z, the three crane poſts brac'd at top and bottom. 
DS, MN, IE, three cills within the ſtone work brac'd with wood, 
and made faſt with an upright plate of iron pinn'd to the wood on 
each ſide. N. B. When the crane is not in ſtone work, the three 
cills muſt be all in one piece reaching from D to E. HI, hE, are 
braces of the main poſt of the crane, which come up above the level 
of the wharf L  B, which are longer and ſtronger than the others, 
Here a croſs piece whoſe ſection is (&) keeps the main poſt from 
twiſting. R O the capſtane or ſhaft of the crane to receive the 
rope or chain; which ſhaft is turn'd here by bars or handſpikes, ſuch 
as bd, fd, or ed, the lower part being ſtrengthened with iron hoops 
above and below the holes at 4 with a pivot or iron axis turning in an 
hole in a piece whoſe ſection is F. pp, are two pins which hold on a 
collar in which the upper part of the ſhaft turns. CB the ſhaft or 
axle of the gibbit with pivots and iron hoops at top and bottom, and 
a wheel of iron y, having teeth perpendicular to its plane. This 
wheel is led by a pinion #, which is on the axis of the wheel x, by 
whoſe arms a man ſtanding at H may bring about the end of the gib- 
bet g with the ram-head 7, and the weight hanging at it either to the 
right or left, and eaſily hold the gibbet in any poſition. CT PQ a 
ſtrong piece or block having three pullies, one vertical, and the other 
two horizontal, that the rope may run over the firſt of them, and 
between the two others. 

Fig. 136. Repreſents an horizontal ſection of the crane in its upper 
part, or rather a view of it from the plane of the roof, ſuppoſing 


the roof taken off, and the ſame letters mark the parts which have 
been deſcribed in figure 175, 


Fig. 
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Fig. 137. ſhews the inconveniencies in the motion of the gib- Fig. 137. 


bet. LBE D repreſents part of the wharf next the water, or 
precipice of a quarry. TP Q the block- piece which holds the 
three pullies expreſs'd by the ſame letters in fig. 135. gr G the 
arm of the gibbet repreſented by V g, fig. 135. T the vertical pul- 
ley. P, Q, the horizontal pullies repreſented in another ſituation by 
?, 4, when their centers from mm, y, are brought to x and 7. C is 
a point directly over the pivot of the ſhaft, or axle of the gibbet. 
C1, C2, C3, C 4, C5, repreſents a line over the arm of the gib- 
bet, or rather a plane going through the middle of it, in ſeveral of 
its ſituations, when turn'd towards the right hand, from its direct po- 
ſition Cr. C6, C7, C8, Cc, repreſent the ſeveral ſituations of 
the gibbet towards the left, the laſt pulley r, at the end of the 
gibbet, immediately over the weight traverſing in the circle 
5, 4, 3, 2, 1, 6, 7, 8. When the gibbet is in the poſition Cg, the 
ropeguns directly over the middle of its arm, therefore the leaſt force 
applied to r or 7 can keep in its place the greateſt weight that can be 
drawn up by the crane when ſuſpended to the ram-head. If the pul- 
lies are at p and 4, the gibbet loaded will alſo be without labour re- 
tain'd in the poſition C 2 on the right, and C6 on the left, and with 
no great trouble in the poſition C1. But if the gibbet be brought 
over the wharf at 4 on the right, or at 8 on the left, the rope will 
no longer run over the middle of the gibbet but deviate from it, fo 
28 to make with it the angle q 4, oro8 n, and raiſe the weight by 
the motion of the gibbet in proportion as the line 9g 4, or o 8, is 
longer than / 4, or 18; and therefore the weight will tend to run 
back towards g in proportion to the difference of thoſe lines, which 
muſt give a twitch to the perſon who draws from r, or r by a 
guide rope. 

If to prevent this inconveniency the pulley at q be remov'd back 
to Q, then indeed the rope will run over the line C 4, or 7 4, and 
conſequently the gibbet will be eaſily held in that ſituation ; but if 
you have occaſion to move the weight to 5, the _ touching the 
pulley at f will make an angle with C 5, and again be ſubject to the 
inconveniency above mention*'d. Beſides, in bringing the end of the 
gibbet from g to 4, the rope immediately applying itſelf to the pulley 
at will come forward with a jerk, tho? it will be twich'd back again 
when at 5. If the pulley be ſet backwarder ſtill as may be ſeen at P, 
when you would keep the weight under 8, it will tend to go on towards 
„ in proportion as the rope at 8 is now ſhorter than the line 18; 
for now the weight deſcending a little, the force of that deſcent added 
to the pull of him who draws the guide-rope, will cauſe the weight to 
[wing towards the crane ſo as ſometimes to do miſchief, if the weight 
be very great and the men careleſs. N. B. No poſition of the pullies 
can mend the matter, there being only three ſituations of the gibber 
in its whole traverſe, where it can keep its place when loaded. IT _ 
ore 
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Fig. 140. 


Fig. 141. 
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fore the wheel y and the wheel and pinion x 1 in fig. 135. are of very 
conſiderable uſe when great weights are rais d. 

Fig. 138. repreſents the double axis in peritrochio, or wheel and 

inion uſed inſtead of the walking wheel of fig. 141. c, c an axis with 
$2570 having a pinion P which leads the wheel P R to wind the rope 
R Z on the axle R. X A part of the catch which ſtops the rope from 
running back again. W w a wooden wheel of ſome thickneſs, which 
(when the catch is up) is kept from turning too ſwift as the weight runs 
down, by pulling up the ſemicircular part of the pall I oI ſo as to make 
it bear hard againſt the wheel below, to regulate or ſtop the deſcent of 
the weight. CC the pivots or centers of the axle. LF part of the 
lever, whereby the pall is drawn up againſt the wheel W ww by means 
of the rope FB. Q the weight to bring down the pall clear of the 
wheel W ww, when it is not pulPd up. Io IB the end of the pall which 
is applied to the wheel, the other end not being repreſented here. 

Fig. 139. ſhews the manner of letting down the weight ſwifter or 
lower as there is occaſion, repreſenting that end of the axle on which 
the catch and pall act alternately. PP and pp are two upright pieces 
fix*d to the frame of the crane, in any manner that is moſt convenient 
for carrying the three centers L, K, and x. When the rope Ry Z go- 
ing over a pulley at 7 or any where elſe, draws from the axle in the di. 
rection Ry, the catch if its end is at A, keeps it immoveable. But by 
pulling at H the lever GF riſes at F, and conſequently draws up the 
end B of the pall BD; which moving on the center &, does by its end 
D (by means of the bar DE) pull down E, and raiſe A off the catch, 
as to let the rope run down; but to prevent its running too faſt one 
muſt pull a little harder; then the ſemicircle I o I will preſs againſt the 
wheel, and ſlacken the deſcent of the weight; which will be wholly 
ſtopt by pulling ſtill harder: then the lever, pall and catch will be in 
the polition mark*d by prick'd lines and ſmall letters. Now if the per- 
ſon holding H ſhould careleſly let it go, the weight Qin deſcending 
will bring down the pall at B, and raiſe its other end fo as to throw th: 
catch in again upon the teeth of the ratchet, and ſtop the whole motion 
without accidents. | 

Figure 140, repreſents the wheel and pinion at the other end 
the axis, where the ſame letters expreſs the ſame parts. 

Figure 141. repreſents the crane with the walking wheel, the 
whole turning round upon the ſtrong poſt or puncheon 8, which 1 
fix'd ſteadily upright by means of the braces and cills LLLL 
LELL; and when the wheel and pinion is us'd inſtead of the walk- 
ing wheel, all the other parts are the ſame. fF is a brace and ladder. 
E, N, M, F pullies for the rope to run over, and come to the weight 
at H. N. B. Sometimes a pair of blocks is applied between 
F and H. A ſmall wooden roof alſo is applied over the ends 0: 
the pieces at E, N, M, and F. | 
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VIII. 1. Onſieur Perault's account of his engine is as follows: 
In imitation of the (modern) crane, I have invented 
two engines for raiſing weights. The firſt is made that organ 
« which is the moſt advantageous of any in mechanics fr facilitating 
motion, becauſe it is free from that inconveniency which we meet 
« with in all others, namely the friction of the parts of the machine, 
« which renders their motion more difficult. This organ is the roller, 
«* which Ariſtotle prefers to all other organs, becauſe all the others, as 
« wheels, capſtanes, and pulleys, muſt neceſſarily rub in ſome of their 
« parts. But the difficulty was to apply the roller to an engine that 
« raiſes weights, its uſe having only been hitherto to cauſe them to roll 
on an horizontal plane. The engine which I propoſe has a baſe 
AAB, fig. 142. ſomething like the crane : this baſe has in its 12 
« per part the horizontal piece B, which claſps an upright ſhaft C 
« ſupported under its pivot C, on which the whole engine moves in 
the ſame manner as the crane when the weight is to be lower'd. This 
* ſhaft ſupports on its top a croſs piece DD, to which are faſten'd the 
«* ropes EE which wrap round the barrel, axle, or roller F, which 
has another rope G that alſo wraps or winds round one of its ends. 
This laſt rope is that which raiſes the weight. At the other end 
«* of the axle there is a great wooden wheel like a pulley H H, about 
* which is wound a long rope N. 

To work this engine one mult pull the long rope N, which cauſin 
the great wheel to turn doth alſo carry round the axle or bart 
* which is made faſt to it. This axle as it turns round cauſes the 
* ropes E E to wind about it, and thereby the axle and the wheel riſe, 
« whilſt the rope E to which the weight is faſten'd doth alſo wind itſelf 
* up upon the axle the contrary way; and this double winding up of 
the ropes makes both the burthen and the axle and wheel to riſe at 
the ſame time, Now it is evident that all this riſe is perform'd with- 
* out the friction of any part, and conſequently the whole power 
which draws the rope N is employ'd without any hindrance, which 
cannot be in other engines. 

elt may be objected that the power which acts at N, muſt beſides 
the weight raiſe alſo the axle and great wheel, and that their weight 
s one of thoſe obſtacles which Ariſtotle ſays all engines are liable to; 
and that this obſtacle is equivalent to the friction which is in other 
* organs. But it may be anſwer'd that friction is an obſtacle wholly 
* unavoidable in all other organs; but that it is eaſy to remedy the 
** obſtacles of this, which is done by means of the heavy body M ta- 
ken equal in weight to the great wheel and axle, which it ſuſtains 
by means of the rope 11, which running over the pulleys LL is 
fix'd to the ring or collar K that goes round the axle F. For the 
axle and the wheel being counterpois'd by this weight, the power 
** which acts by drawing the long rope N, acts for raiſing the weight 
* only. The experiment which was made with this engine has con- 
Vor. VI. PaRT I. P p e firm'd 
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Fig. 143. 


Fig. 144. 
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& firm'd the truth of this problem by comparing its effects with thoſe 
6 of a crane, in which the proportion of the bigneſs of the axle to 
&* the circumference of the wheel was the ſame as in my machine: 

for it happen'd that in the crane a weight of one hanging at a rope 
going about the wheel drew up a weight of ſeven, when it had one 
half added to it to make it preponderate or give motion to the pow- 
er: and when the weight to be rais'd, and the weight which ſerv'd 
as a power were proportionably increaſed, there was alſo a neceſſity 
to increaſe the additional weight, which made the power preponde- 
rate in the ſame proportion: ſo that as it was required to add one 
half to the power when the weight was ſeven, the addition to the 
power became one for a fourteen pound weight, two for a twenty- 
eight pound, four for a fifty-ſix pound, and ſo on; becauſe the re- 
ſiſtance from friction increaſes nearly in the ſame proportion that the 
weights are increaſed. But this did not happen to my engine, in 
which one quarter was always ſufficient for the draught (or to make 
the power preponderate) not only when the weight was ſeven, but 
alſo when it was fourteen pound, twenty-eight pound, fifty-ſix 
© pound, &c. which evidently ſhews that this engine acts without 
friction.“ | 

Thus far Monſ. Perault. But a little attention will ſhew that if this 
new engine had no friction, yet it is more inconvenient than an axis in 
peritrochio with the ſame proportions ; and likewiſe that it has more 
friction than the ſame machine in the common uſe. ' A CE, fig. 144. 
is a common axis in peritrochio, which has the wheel AE five times 
bigger in diameter than the axle; ſo that A C the radius of the wheel 
(which is the diſtance of the power) is to CB the radius of the axle 
(the diſtance of the weight) as 5 to 1: conſequently one (for example 
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one ounce, as in our experiment) will keep five in æquilibrio. Now 


tho? the friction of the gudgeon at C is unavoidable, yet it may be di- 
miniſh'd by diminiſhing the diameter of the gudgeon, provided it re- 
mains ſtrong enough to ſuſtain the machine and its burthen. Here one 
penny- weight, or = of the power added to it makes it preponderate, 
and give the machine motion with a due velocity; Now this very en- 
gine made uſe of in Monſ. Perault's way doth ſo alter the diſtances of 
the weight and power, that inſtead of one for our power, we muſt have 
two and a half to keep the very ſame weight five in æquilibrio, as ap- 
pears in fig. 144, where ſince in the action of the machine, when we 
pull the rope PA, we make the axle DB to wind itſelf up upon the 
rope HD, it is evident that D is now become the center of motion, 
DB (the whole thickneſs of the axis) the diſtance of the weight = 2; 
and the diſtance of the power is reduced to AD = 4. So that if two 
men having been employ'd in the common way to raiſe weights equal 


to the ſtrength of ten men, an engineer ſhould alter the- manner of 


working, and fit up the axis in peritrochio in Monſ. Perault's way, in- 
ſtead of gaining an advantage, he muſt call in three more men to _ 
| © orm 
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form the work. If it be anſwer' d that what is loſt in ſtrength will be 


gain'd in time, it may not only be ſaid, that one cannot always call in 
more help on the ſudden, but that even then tho? we ſhould not call this 
an inconveniency, yet there will be ſtill more friction in this than in the 
common method; for the roller or axle will find a difficulty to wind on 
the ropes, becauſe they are not perfectly pliable, and the leſs ſo, the 
greater the weight is that ſtretches them. This, together with the fri- 
ction of the collar of the rope of the counterpoiſe to the engine, makes 
the hindrance greater than in the common way. For it appears by ex- 
periment, that when the power is become equal to 2 7 to keep the 
weight 5 in æquilibrio, there muſt be added # (here 4 penny-weight) 
to put the power in motion. And to ſhew that this friction of the 
ropes is not always the ſame as M. Perault ſuppoſes it, when P (or the 


power) is made only one ounce, and W (or the weight) two ounce, 


then to make the power preponderate, only 2 penny-weight and 18 
grains was ſufficient. N. B. When P is =2 x, and W = 5, the ad- 
ditional weight mark'd ? was 4 penny-weight and 2 grains. | f 
VIII. 2. I N every inclination of the plane, if the ſine of the angle of 4 farther er. 
1 inclination be taken in parts of the radius of the axle or — 
roller, the power will be to the weight : : as the radius of the roller + jaid robe with 
the ſine of inclination, to the radius of the wheel — the ſaid ſine of in- our frition, + 
clination 3 that is, in 145 figure, P (=1): W(=3)::dk:ak, K ge 
In the preſent experiment BE is an inclin'd plane on which the roller Fig. i * : 
C is to roll up touching the ſaid plane at the point c; AM is the wheel 
behind that plane, another ſuch plane and equally inclin'd being alſo 
ſuppoſed behind the wheel, to ſupport the other end of the roller. 
The lines of direction of the power and weight being à P and d W. 
thro* the point of contact or center of motion c draws AD parallel to 
the horizon, and perpendicular to a P and d W; thro? the center of the 
engine C draws a d parallel to AD. Suppoſe the angle Bc A of the 
plane's inclination to be 30%, the right ſine will then be equal to half 
the radius; therefore dividing C 2 (the radius of the roller) into two 
equal parts at k, if you draw kc and Cc, the angle c C will be equal 
to Be A, and its fine will be Ck, Now ſince it is evidently the ame 
thing to make uſe of a d for a lever whoſe center of motion is at E, as 
of AD equal and parallel to it with its center of motion at c, it follows 
that in this inclination of the plane the diftance of the weight 4& is 
greater than d C (the diſtance of the weight in the common uſe of this 
engine) by the addition of the quantity Ck, the ſine of the angle of in- 
clination 3 and & a the diſtance of the power is leſs than C a (the diſtance 
of the power in the common way) by the ſubtraction of the ſaid quantity 
or ſine Ck: conſequently that on an inclin'd plane; the power is to the 
weight: : as De: to c A. Bop D. | ; 
Coroll. I. Hence it follows that the radius of the wheel and the radius 
of the roller being given, the loſs of power may be found in any inch- | 
nation of the plane. _ Thus as here the power, which in the common 
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way would be but + of the weight muſt be 5 part of it: fo if the angle 
of the plane's inclination was but 11* 32! the power would be 5 of the 
weight, &c. 

Corotl, II. Hence follows alſo that if the plane B E be horizontal, no 
force of the power will be loſt, becauſe cg: cf: : CG: CF. 

Schol. As the friction of the winding of the ropes, fuch as Bc in the 
new way, is greater than the friction of the pivot in the old way (be- 
ſides the friction of the collars of the counterpoiſe to the engine) fo that 
friction diminiſhes as the ropes bear leſs weight, according to the dimi- 
nution of the angle of the plane ; and when the plane is horizontal and 
without a counterpoiſe, even then the winding up of the ropes, and 
preſſure of the roller againſt the plane, is equal to the friction in the 
common way. | 
N. B. The experiment is made here with pivots twelve times leſs in 
diameter than the roller, and fine pliable ſilk inſtead of ropes. 

IX. HOSE who have attempted a perpetual motion, have 

generally taken it for granted that if a weight deſcending 
in a wheel at a determinate diſtance from the centre does in its afcent 
approach nearer to it; ſuch a weight in its deſcent will always pre- 
ponderate, and cauſe a weight equal to it to rife, provided it comes 


. nearer the centre in its riſe ; and accordingly as itſelf riſes will be 
+ overbalanced by another weight equal to it; and therefore they en- 


* geavour by various contrivances to produce that effect, as if the con- 


Fig. 146. 


{quence of it would be a perpetual motion. But I fhall ſhew that 
they miſtake one particular caſe of a general theorem or rather a 
corollary of it for the theorem it ſelf which follows: 

_ Theor. If one weight in its deſcent by any contrivance cauſes ano- 
ther weight to aſcend with a leſs momentum or quantity of motion 
than itſelf, it will preponderate and raiſe the other weight. ö 
Cor. 1. Therefore if the weights be equal, the deſcending weight 
muſt have more velocity than the aſcending weight, becauſe the mo- 
mentum is made up of the weight multiplied into the quantity of 
watter. 

Cor. 2. And if a lever or balance have equal weights faſten'd or 
hanging at its ends, and the brachia be ever fo little unequal}, that 
weight will preponderate which is fartheft from the centre. 

Schel. This ſecond corollary cauſes the miſtake; becauſe thoſe who 
think the velocity of the weight is the line it deſcribes, ex that 


that weight ſhall be overpois'd which deſcribes the ſhorteſt line, and 


therefore contrive machines to cauſe the aſcending weight to deſcribe a 
chorter line than the deſcending weight. As for example, in the 
circle A D Ba, fig. 146. the weights A and B being ſuppoſed equal, 


imagine that if (by any contrivance whatever) whilſt the weight 
A: deſcribes the arc Aa, the weight B is carried in any arc as Bb, fo 
as to come nearer the centre in its riſing, than if it went up the 
arc BD; the ſaid weight ſhall be overpois'd, and conſequently by a 
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number of ſuch weights, a perpetual motion will be produced. This 
is attempted by ſeveral contrivances which all depend on this falſe 
principle; but I ſhall only mention one which is reprefented by 
fig. 147. where a wheel having two parallel circumſtances has the 
ſpace between them divided into cells, which being carv'd, will when 


the wheel goes round cauſe weights plac'd loofe in the faid cells to 


deſcend on the ſide A A A at the outer circumference of the wheel; 
and on the ſide D to aſcend in the line BS, which comes nearer the 
centre; and touches the inner circumference of the wheel. In a ma- 
chine of this kind the weights will indeed move in ſuch a manner, if 
the wheel be turn'd round, but will never be the cauſe of the wheels 
going round, SY 

Beſides the velocity of any weight is not the line which it deſcribes 
in general, but the height that it riſes up to or falls ſrom, with reſpect 
to its diſtance from the centre of the earth. So that when the weight 
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Fig. 147. 


fig. 146. deſcribes the arc A a, its velocity is the line A C, which | 


ſhews the perpendicular deſcent (or meafures how much it is come 
nearer to the centre of the earth) and likewiſe the line B C denotes 
the velocity of the weight B, or the height that it riſes to when it 
aſcends in any of the arcs B & inſtead of the are B D: fo that in this 
caſe, whether the weight B in its aſcent be brought nearer rhe center 
or not it loſes no velocity, which it ought to do in order to be rag'd 
up by the weight A. Nay, the weight in rifing nearer the centre of a 


wheel, may not only not loſe of its velocity, but be made to gain ve- 


locity in proportion to the velocity of its counterporſing weights that 
decend R. che circumference of his oppoſite ſide of radon. for if 
we conſider two rady of the wheel, one of which is horizontal, and 
the other ( faſten*d to and moving with ĩt) inclin'd under the horizon 
in an angle of 60 1 fig. 148. and by the deſcent of the end B of 
the radius B C, the Radius CD by its motion cauſes the weight at D 
to riſe up the line p P, which is in a plane chat ſtops the faid weight 
from riſing in the curve D A, that weight will gain 1 and in 
the beginning of its riſe it will have twice the velocity of the weight 
at B; and conſequently inſtead of being rais'd will overpoiſe, if it be 
equal to the laſt mentioned weight. And this velocity will be ſo much 
the greater in proportion as the angle A CD is greater, or as the 
plane P p (along which the weight D muſt riſe) is nearer to the 
centre. Indeed if the weight * fi 

lifted up to 8, and move in the arc 86, the end would be anſwer'd 
becauſe then the velocity would be diminiſhed and become 8 C: 

Exper. Take the lever B C D whoſe brachia are equal in length, 
bent in an angle of 120 drgr. at C, and moveable about that point as 
ts centre: in this caſe a weight of two pounds hanging at the end B 
of the horizontal part of the lever, will keep in zquilibrio a weight 
of four pounds hanging at the end D. But if a weight of one pound 
be laid upon the end D of the lever, ſo that in the motion of D _— 


146. could by any means be 


Fig. 148. 
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the arc p A, this weight is made to riſe up againſt the plane P 5. 
which divides in half the line AC equal to CB the ſaid weight will 
keep in æquilibrio two pounds at B, as having twice the velocity of 
it, when the lever begins to move. This will be evident if you let 
the weight 4 hang at D whilſt the weight 1 lies above it: for if 
then you move the lever, the weight 1 will riſe four times as faſt as the 


weight 4. 
C HAP. VI. 
Myyaroſtatics. Hydraulics. 
The deferip- I. 1. — Lobulo, A, fig. 149. ſatis magno, ( quo major eo melior ) 
_ Lo 2 — 3 tubi ſibi oppoſiti C D & E F annectuntur, tubulo gracil- 
* = 


tr. By M. G limo E F ,receptaculum & additur, mediumque tubuli puncto a minu- 
Fahrenheit, tiſſimo ſatis tamen viſibili denotatur. Extremitas altera tubuli CD 
2. 384. . 140. globulo B prædita eſt, qui receptaculi loco ponderi inferiori ( quo 


East. nempe inſtrumentum aggravatur) inſervit. Diſtantia globuli By 
ig. 149. culi 


centro globi A triplo mayor ſit, quam diſtantia receptaculi G ab eodem 
centro. Inſtrumento ita præparato, globulus B tantà mercurii quan- 
titate repletur, ut ſi aræometron liquori leviſſimo, exempli gratia, 
ſpiritui vini bene dephlegmato, vel ſpiritui terebinthinæ immergatur, 
illud in liquore. fere uſque ad punctum à deſcendat; quo facto tubulus 
prope E hermetice ſigillatur, & inſtrumentum bilance accuratiori pon- 
deratur; eritque pondus inſtrumenti etiam ipſiſſimum liquoris ab in- 
ſtrumento deturbati pondus, utpote ſatis hydroſtatices peritis notum 
eſt. Si autem graviores inveſtigandi ſunt liquores, exempli gratia, 
aqua, Iixivia, vel ſpiritus acidi, eorum gravitatis differentia invenitur, 
dum nempe inſtrumentum in receptaculo & tanto pondere oneratur, 
ut illud iterum ad punctum à ſubſidat. Hoc pondere gravitati in- 
ſtrumenti addito, illorum liquorum gravitates ſpecificæ (ſi pondera 
ſint minutiſſima) ſatis exacte habebuntur: & ſic de cæteris. Dixi 
quod inſtrumentum in memoratis ſpiritibus fere ad punctum à ſubſi- 
dere debeat; melius enim erit, ut non perfecte liquor illud punctum 
attingat, & ut differentia parva ponderibus minutiſſimis adjuvetur: 
hoc enim modo, ſi forſan adhuc liquores leviores darentur, vel etiam 
ſi liquorum memoratorum gravitas a calore ſpecifice levior redderetur, 
adhuc inſtrumento explorari poterunt, quod alias non ſuccederet, fi 
illud perfecte ad punctum à in nominatis ſpiritibus ſubſideret. Dum 
autem experimenta fiunt, cavendum eſt, ne ſuperficies, tam inſtru- 
menti, quam liquorum aliqua pinguedine, vel aliis particulis hetero- 
geneis ſint imbutæ; aliter enim experimenta nunquam ſatis accurate 
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J. 2. THE hydrometer by ſome called areometer, is an inſtru- 
na FE ment commonly made of glaſs, as repreſented by 
figure 150. conſiſting of a ſtem A B graduated by ſmall beads of 
glaſs of different colours ſtuck on the outſide, a larger ball B quite 
empty as well as the ſtem, and a ſmall ball C filled with quickſilver 
belts the end A was hermetically ſealed in ſuch manner as to make 
the hydrometer fink in rain water as deep as m the middle of the ſtem. 
Such an inſtrument does indeed ſhew. the different ſpecifick gravity of 
all waters or wines, by ſinking deeper in the lighter,” and emerging 
more out of the heavier liquors. but as it is difficult to have the ſtem 
exactly of the ſame bigneſs all the way, and if it could be had, the 
fame inſtrument would not ſerve for water and ſpirits, ſinking quite over 
head in ſpirits. when made for water, and emerging in water with 
part of the great ball out when made for ſpirits. The hydrometer 
has only been uſed to find whether any one liquor is ſpecifically hea- 
vier than another, but not to tell how much; which cannot be done 
without a great deal of trouble even with a nice inſtrument. The hy- 
droſtatical balance has ſupplied the place of the hydrometer , and 
ſhews the different ſpecific gravity of fluids to a very great exactneſs. 
But as that balance cannot well be carried in the pocket, and much 
leſs managed and underſtood by perſons not uſed to experiments, I re- 
ſolved to perfect the hydrometer for the uſe of thoſe that deal in bran- 
dies and ſpirits, that by this inſtrument, they may by inſpection and 
without trouble know whether a ſpiritual liquor be proof, above 
proof, or under proof, and exactly how much above or under: 
which muſt be of great uſe to the officers of the cuſtoms who examine 
imported or exported liquors. 2x 

After having made ſeveral fruitleſs trials with ivory ,. becauſe 
it imbibes ſpirituous liquors, and thereby alters its gravity, I at laſt 
made a copper hydrometer repreſented by fig. 151. having a braſs 
wire of about 3 inch thick going through, and ſoldered. into the hol- 
low copper ball BU. The upper ball of this wire is filed flat on one 
fide for the ſtem of the hydrometer, with a mark at n, to which it 
finks exactly in proof ſpirits. There are two other marks, A and B, 
at top and bottom of the ſtem, to ſhew whether the liquor be i above 
proof (as when it ſinks to A) or v under proof (as when it emer- 
a to B) when a braſs weight ſuch as C, has been ſcrewed: on, to the 

ttom at c. There are a great many ſuch weights of different ſizes, 
and marked to be ſcrewed on inſtead of C, for liquors that differ 
more than v from proof, ſo as to ſerve for the ſpecific gravities in all 
ſuch proportions as relate to the mixture of ſpirituous Iiquors, in all 
the variety made uſe of in trade. There are alſo other balls forſhew- 
ing the ſpecific gravities quite to common water, which makes the 
inſtrument perſect in its kind. 


II. As 
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Of the ſpecific gravity of Solids. Pagr 1, 


II. S it is oftentimes uſeful to know the ſpecific gravity, of ſolid 
bodies, a great number of experiments have been made 
upon this ſubject by members of the royal-ſociety, and other curious 
perſons; the reſult of which has been publiſh'd in ſeveral tables in the 
philoſophical tranſactions f and elſewhere. But as it is neceſſar 
that experiments of this nature ſhould be made with great exactneſs, 
if we would ſo far depend upon them as to draw any inferences from 
them in natural philoſophy, it may not be amiſs to mention 
a caution which is oftentimes neceſſary in the making of them, and 
which J have reaſon to think has been generally very little regarded. 
It is this; that when a dry porous body is to be weigh'd in water, in 
order to diſcover its ſpecific gravity, it is neceſſary by ſome means or 
other to extricate the air out of all the ſmall pores and cavities within 
it, that the water may have free liberty to enter and pervade them. 
Unleſs this care be taken it muſt needs happen that the air, which poſ- 
ſeſſes thoſe ſmall cavities and keeps the water out, will render the ſolid 
of leſs weight in the water, and conſequently of leſs apparent ſpecific 
gravity than it really is. The beſt way of avoiding. this inconveni- 
ence, is to ſet the veſſel of water in which the ſolid body is immerged 
under the receiver of an . and to extract the air out of the body 
by that means; which will be more eafily and exactly done, if the 
water be firſt heated over the fire. And where an air- pump cannot 
be had, the ſame thing may be done almoſt as well, by letting the 
ſolid body continue ſome time in boiling water over the fire. 
But no ſolid body muſt ever be put into hot water, that will in any 
meaſure diſſolve or give a tincture to the water. One inſtance of the 
neglect of this caution may be ſeen in the accounts we have of the 
ſpecific gravity of the ſtones taken out of human bladders, which 
have been commonly found to be but about one half, and ſome of 


them have been no more than a fourth part heavier than an equal 


bulk of water. From this it has been too haſtily concluded that 
theſe ſtones are very improperly calPd by that name, as not at all ap- 
proaching to the ſpecific gravity of even the lighteſt real ſtones that 
we have any account of. Whereas it is much more reaſonable to ſup- 
poſe," that thoſe tones, which have been found to be ſo. light, were 
ſuch as had been a conſiderable time taken out of the bladder, and 
conſequently had loſt much of their weight by the evaporation of the 
urine, with which they had at firſt been ſaturated, and that they had 
afterwards been tried without the caution above-mention'd. I would 
therefore beg leave to recommend it to thoſe who ſhall examine the 
ſpecifie gravity of the human calculus, that they will either try the 
experiment upon ſtones freſh taken out of the bladder, or elſe that 
they will be pleas'd to uſe the aboveſaid method, to extricate the air 
out of their cavities. If they do this I am confident they will meet 
with ſome calculi, as I have done, exceeding the weight of ſome ſorts 
of burnt earthen ware and alabaſter, and approaching very near - 

that 
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Char. VI. The ſpecific gravities of ſome Bodies. 


that of brick, and the ſofter ſort of paving ſtone. But it is not to 
be expected that they ſhould entirely equal the ſpecific gravity of 
ſtone found in the earth ; becauſe the mixture of ſome portion of the 
animal oil and volatile ſalt, with the ſtony ſubſtance of the hu- 
man calculi, muſt needs leſſen the ſpecific gravity of the whole 
concrete.. | 

I ſhall mention one other obſervation relating to this ſubje& ; which, 
however trivial it may ſeem, yet to me was very ſurprizing when J 
accidentally diſcover'd it. It is that the ſubſtance of all wood (as 
oak, fir, &c.) is ſpecifically heavier than water. To prevent being 
miſunderſtood, I muſt obſerve that in wood and other vegetables, 
there are two ſorts of veſſels; one of which convey the ſap, and the 
other contain only air, for which reaſon they are call'd air veſſels. 
When wood floats or ſwims in water, this effect is not owing to the 
lightneſs of the ſubſtance of the wood, but only to its being buoy'd 
up by the air contain'd in the veſſels before-ſaid. For when the air is 
extracted out of thoſe veſſels, and inſtead thereof the water has inſi- 
nuated it ſelf into them, the wood will fink to the bottom. As is very 
eaſily ſhewn in ſmall chips or ſhavings of wood, by means of the 
air-pump, or an infuſion in boiling, or even in cold water for a ſuf- 
ficient time. And the ſame is found to ſucceed in the roots, ſtalks, 
leaves, and feeds of as many other vegetables as I have yet try'd ; 
cork only excepted; in which laſt I had no reaſon to expect it, con- 
ſidering the particular ſtructure of that ſubſtance, as deſcrib'd by the 
late learned Dr. Hook in his Micrographia. x 


III. Urum — 1908 1 
Mercurius — — 13575 
Plumbum — — 11350 
Argentum — — 10481 
Cuprum Suecicum — — — 8834 
Idem Japonenſe — — —̃ 0 
Ferrum — — — ——— — 78 17 


Stannum provinciæ Indiæ orientalis vulgo dictæ Malacca — 7364 


Stannum Anglicanum — — — 
Marcaſita alba — — — 9830 
Aurichalcum — — — 8412 
Cryſtallus de rupe — — — 2669 


2584 


Pyrites homogeneus 


Cinis clavellatus ſordibus, ſaleq; neutro quodam (quod fere ſemper 


magis vel minus in cinere illo reperitur) depurgatus — 3112 


Sal illud neutrum — — 26 4j 
Sal maritimum — — 2125 
Vol. VI. PAR r I. Q Saccha- 
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The ſpecific gravities of ſome Bodies. Parr 1, 


Saccharum albiſſimum — — 1606+ 

Oleum Vitrioli — — — — 18772 * 
Lixivium cineris clavellati ſale quantum fieri potuit impregnatum 13637 
Idem alio tempore præparatum — 19717 
Aqua fortis melioris notæ — — — 1409 * 


Spiritus nirikwyↄ ä — —— —12932% 
Aqua pluviatilisss-(vc — — — 1000 * 
Oleum Raparum — — —ſ — 913 
Alcohol vini — — — — 826 


Idem magis dephlegmatu m. — 825 
Experimenta variis ſunt facta modis. Corpora enim fixa, ut vulgo 
fieri ſolet, prius bilancis accuratioris ope in aere & deinde in aqua 
pluviatili ſunt ponderata. Salium pondus, prius in aere, & tunc in 
liquore idoneo quodam eſt exploratum, & deinde calculo ad gravita- 
tem aquæ comparatum. Liquorum gravitates, interdum aræometro 
quodam ſingulari + aliquando autem vaſibus hic delineatis ſunt 
indagatæ. 
Globus Vitreus concavus A, fig. 132. ad lampadis flammam ſatis 
magnus conficitur, duobus tubulis vitreis ſibi oppoſitis B & B præditus. 
Tubulorum extremitates ſunt apertæ, attenuatæ & aliquantiſper in- 
curvatæ, ne liquor effluere poſſit. Globulus præterea in inferiori 


loco aliquantulum eſt applanatus, ut eo commodius bilanci imponi 


Fig. 1 53 d 


+ Vide infra 
P. II. C. I. 
L*. 


ft. 
"Apulia A, fig. 153. e tenuiſſimo vitro ad lampadis flammam pa- 
ratur, collo ſatis largo prædita, cujus apertura operculo B intus con- 
cavo, tam accurate quam fieri poteſt, chuditur. Ope hujus ampullæ 
etiam ſalium gravitates ſpecificæ explorari poſſunt, & quidlem hoc 
modo. Ampulla prius liquore quodam idonco (in = nempe* ſal 
cujus gravitas exploranda eſt non ſolvitur) impfetur, & poſtquam li- 
quoris innotuit pondus, liquor effunditur, atque vas probe exſiecatut᷑. 
Hoc facto, ſale fere totum vas impletur, & falis pondus inquiritur; 
hoc noto, interſtitia ſalis fiquore reptentor, ponderiſq; incrementum 
a liquore addĩto queritur. Si hocce incrementum ponderis a pondere 
toto hquoris ſubtrahitur, refiduum exprimet gravitatem liquoris a ſale 
deturbati. e n 

Sal neutrum cineris claveflati in ſpiritu nitri nullam facit ebullitio- 
nem. Mercurium in ſpiritu nitri folutum abo colore præcipitat. 
Carbonibus ſuperimpoſitum, crepitu in minores partes diſrumpitur & 
diſpergitur. 1 | 

Nitrum in tigitlo ſupra ignem fuit liquefactum, ut eo modo ab omni 
humiditate depurgaretur, ſpatiaque nonnulla are alias plena nitro ipſo 
replerentur. CELL 

Gravitates liquorum quæ aſteriſco notatæ ſunt, ad gradum qua- 
drageſimum octavum meorum thermometrorum calculo funt revocatæ, 
& nonnullõrum jam in experimentis de gradu ebullitionis liquorum 
quorundam facta eſt mentio. 

Modus 


8. 8 2 
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Modus ſimpliciſſimus ad inveſtigandam gravitatis differentiam, que 
a diverſo temperamento fluidorum originem ſuam trahit, eſt ut prius 
liquore minus calido (cujus tamen gradus ope thermometri notus 
eſſe debet ) vas aliquod repleatur & ponderetur, deinde illud vas ite- 
rum calidiori liquore impleatur, & ut prius ponderetur. Si in hoc 
ſecundo experimento gradus caloris iterum eſt notatus, hahebitur dit- 
ferentia gravitatis liquoris, a calore inter hos gradus effecta, que de- 
inde ope calculi facile unicuique gradui attribui poteſt. 

Experimenta in aere ſunt facta: addenda ergo erit unicuiq; numero 
gravitas aeris, ut habeatur materiarum gravitas in vacuo. Eft autem 
aeris gravitas ſpecifica ad illam aquæ, fere ut 1 ad 1000. 

IV. Ero Alexandrinus, and other hydraulic writers haye de- 

ſcrib'd a cup ( calPd a Tantalus from its effect) which will 
hold any liquor very well when it is not fill'd above a certain height 
mark'd in the cup; but if it be fill'd higher, not only the liquor above 
the mark will run out, but the whole liquor that was in the cup. 
This is perform'd by a ſyphon in the cup, which is ſometimes con- 
ceal'd to make the effect the more ſurpriſing. 

The cup AB fig. 154. has a viſible ſyphon CE D in it; the cup 
fig. 155. has the ſame, conceal'd by the figure of a man, to repreſent 
Tantalus in the fable; and the cup fig. 156. has its ſyphon more 
conceal'd, as it is carried up into the handle. Any of theſe cups will 
hold water very well, provided they are not filPd up above the line 
FG; for then not only the liquor that is above FG will run out, but 
all the liquor in the cup as low as D, the orifice of the ſhort leg of 
the ſy phon. | 

Exper. I. In:the veſſel 2 be d, fig. 157. is plac'd an open wooden 
box AB CO fill'd with water as high as the line LM. Another Box 
or plug EG F H made tight, and containing weights to link it, is 
made to let doven into the water between the partition I K and the end 
AB of the box above-mention'd; but when it is not to preſs the 
water up to 10, (as it does when let down) it is drawn out of the 
water by the weight n, which pulls it up by the bar i fatten'd to a 
lea ver moving round che center /. When, by means of the plug, the 
water in the ſpace A B K I is puſh*d up to IO, by paſſing under K, 
it runs out thro' the ſpout PQ (whole paſſage is gaged by a little 
luce Pp) and falls into the veſſel RS made of an oblong figure like 
a fiſh -pond, and having a ſyphon at 8, ſo as to make it a Tantalus, 
or in the nature of the cups above-mentioned. Let the weight m 
pull up the plug E GF H, and the water, having fill'd RS, will 
run down below the orifice P to M. The Tantalus RS, beginning 
to run out as ſoon as full, will for the reaſons - above given, continue 
to run till it is all emptied; and as it diſcharges itſelf into another 
Tantalus TV ( whoſe ſyphon is at V); this laſt Tantalus will alſo, 
when full, begin to run out, and its water go down to X Vo. If the 


plug be let down gradually, as ſoon as the water begins to run out of 
Qq 2 the 


299 


Of the riſing 
and Aale of 


ſome prnds 
near the ſea 


&c. By Dr. 


Deſaguliers, 


n. 384. p. 132. 
July, &c. 1724. 


Fig. 
Fig. 
Fig. 


Pig. 


154. 
155 
156. 


157. 


300 


pig. 158. 


Of the riſing ond falling of Ponds. Pax I. 


the laſt Tantalus TV (and the firſt Tantalus RS be cover*d ſo as to be 
conceal'd from ſight) it will appear to the lookers on, that the cavi 
I V repreſenting a pond near an ebbing and flowing river (as I am 
credibly inform'd there is ſuch an one at Greenhive in Kent between 
London and Graveſend ) always rifes, whilſt the water at NO, or 
the tide, falls to LM; and always ſinks whilſt the water at LM, or 
the tide, riſes to O N. 

Exper. II. Let the water in the Box ABCD not be made uſe of, only 
the veſſel Z be fill'd every half hour: it will empty itſelf in the ſpace 
of a quarter of an hour, falling like rain, and dropping alſo through 
the leaden platform ef into the hidden Tantulus RS, which will not 
begin to run till this artificial rain is over: then in a quarter of an 
hour more, the Tantulus RS will have emptied itſelf into the viſible 
Tantalus T V, which will be filling all the time after Z has done run- 
ning; (or in the dry ſeaſon and as ſoon as T V is full, it will begin 
to run out thro? its ſyphon V, at the end of the half hour, when the 
veſſel Z or ſieve runs again; that is, at the return of the rainy ſeaſon. 
This laſt experiment may eaſily be applied ro thoſe ponds or brooks 
that are high in dry weather and low in wet weather ; of which kind 
I am told there is a brook at Lambourn in Berkſhire. 

If it be objected that ſuch ponds are full for ſome time, which a 
Tantalus cannot be, becauſe it begins to run out as ſoon as full ; that 
may be eaſily ſolv*d, by ſuppoſing the hidden Tantalus, (or interme- 
diate cavity between the river and pond) to contam more water than 
the viſible one, provided it does not contain ſo much as not to be 
emptied, before the return of the tide. The ſame ſolution will ſerve 
for wet and dry ſeaſons, only ſuppoſing the cavities larger. 

If it be aſked where the water of the viſible Tantalus near a river 
can run; it may be anſwer'd that all this may happen, tho? the ſecond 
or loweſt Tantalus ſnou'd have its bottom higher than low water-mark 
in the river. And for the ſyphons, which are of a particular make in 
the cup; though ſuch be not ſuppos'd in the earth, yet any long paſ- 
ſage riſing in the middle will anſwer the end. See fig. 158. where 
ABCD repreſents the channel of a river, A D high water-mark, 
and G H low water-mark; ZI a paſſage from the river to the cavity 
IK L MN or firſt or hidden Tantalus; LM Q the ſyphon of the 
firſt Tantalus, running into the ſecond Tantalus, or viſible pond 


OQRP, which by its ſyphon RSV runs out into low grounds that 


may be above the low water-mark GH ; and the bottom K L of 
the firſt Tantalus may be above the top of the laſt, whoſe level is the 
line WW. | | 


ABCDYOQRPVHis the ſection of the ſurface of the earth. 
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Char. VI. Of the motion of running waters. 


v. VN pervolvendo opere pererudito viti clariſſimi, Petri Antonii 

Michelotti de ſeparatione fluidorum in corpore animali, qui Ve- 
netiis nuper ad nos delatus eſt, pluribus in locis diſſertationem meam de 
motu aquarum fluentium in Actis Philoſ. Ne 355. F ante aliquot annos 
editam, non leviter notatam deprehendi. Cum autem alia ex iis, quæ 
reprehendit vir doctiſſimus, ex minus perſpecto diſſertationis meæ inſti- 
tuto profecta videantur; alia vero ita demonſtrari poſſint, ut ipſum 
virum cl. ea mihi non difficulter conceſſurum putem : operæ pretium 
erit, fi primo in loco diflertationis meæ propoſitum & conſilium paulo 
luculentius exponam; quod cum fecero, ad reliqua deinceps breviter 
expendenda progrediar. 

Principio igitur explicandum eſt, quid in diſſertatione iſtà intelli- 
gendum velim, per motum aquæ ex imi vaſis foramine defluentis. Eſt 
enim alius motus, ſive quantitas motùs, aquæ quæ ex vaſe per fora- 
men delabitur: qui motus eſt in ratione compoſita, ex ratione quanti- 
tatis aquæ dato quovis tempore effluentis ex foramine, & ratione velo- 
citatis quacum effluit. Alius vero eſt motus totius aquæ ſeu cataractæ 
aqueæ, quæ intra vas verſus foramen deſcendit, & mox effluxura eſt. 
Hic eſt in ratione ſummæ omnium factorum, ex ſingulis aquæ parti- 
culis cataractam conſtituentibus, ductis in velocitates earundem reſpe- 
ctivas. Quorum motuum cum alterum ſæpe pro altero accipi viderem, 
animus mihi erat poſteriorem illum in prædicta diſſertatione illuſtrare, 
ad calculum revocare, & liquoribus in animalium corpore fluentibus 
applicare. 

Hic ergo cum ſemper mihĩ intelligeretur per motum aquæ defluentis, 
live per motum aquarum fluentium, quod ex omnibus meis propoſitio- 
nibus luculenter apparet, jure meo dicere poteram motum hunc a ne- 
mine adhuc, quod ſcirem, fuiſſe determinatum: quippe quem nemo 
mathematicorum, quos quidem ego viderim, nec etiam verbo tenus at- 
tigerit. Quod cum ita fit, miror profecto non animadvertiſſe neque 
acutiſſimum Michelottum, nec etiam ſubtiliſſimi & perſpicaciſſimi in- 
genii virum, Johannem Bernoullium, me in illius diſſertationis proce- 
mio, quod toties citat & tantopere reprehendit cl. Michelottus, ne ver- 
bum quidem ſcripſiſſe de velocitate, quacum aqua effluit ex foramine, 


multo minus de Bernoulliana determinatione illius velocitatis. Hoc fi 


perſpexiſſet vir cl. noluiſſet ſane, pro-ſua humanitate, tam inclementer 
& inique mecum agere, ut me Bernoullianam demonſtrationem exte- 
nuare verbis conari T diceret, & meram eſſe cavillationem id, quod 
Bernoullio objiciam. Quod vero ſubjicit, verba iſta mea, ** fieri om- 


nino non poſſe, ut motus aliquis cum pondere quieſcente conferatur, 


ne umbram quidem habere rationis contra Bernoullianam demonſtra- 

tionem pugnantis, libens agnoſco, quippe qui, cum iſta ſcriberem, tan- 

tum de cl. Bernoullio, quantum de Sinenſium imperatore cogitabam. 

Aio autem lectorem quemvis non iniquum, neque præjudiciis occupa- 

tum, ne umbram quidem veriſimilitudinis reperturum, quod iſta verba 
T Pag. 131, 133. 
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ad Bernoullianam demonſtrationem quicquam pertineant; quibus ſcili. 
cet de re longe diverſa agatur, nempe de quantitate motùs totius aquæ 
verſus foramen contendentis. Quoniam vero ita penitus inſedit animo 
viri doctiſſimi illa demonſtratio, eandem in illius gratiam, ubi prius 
meipſum ab reliquis ejus animadverſionibus vindicavero, ad examen 
revocare decrevi. _ | 


— ET, 


viri incomparabilis prop. 36. lib. 2. princip. deſumptam proponebam, 
non ut ex tripode editam, fed evidentia mathematicà, omnibus oraculis 
certiore, munitam. 

Quod enim cataracta talis formari debeat ex aqua libere deſcendente, 
& accelerata. in modum corporum omnium gravium, quam nulla alia 
aqua circumcingatur, aperta res eft ; ut patet Newtoni propoſitionem 
attente perlegenti, Si etiam cataracta glacie concava, figure cataractæ 
aquez adamuſſim congruente, & propter ſummam polituram nullam 
reſiſtentiam adferente ambiatur z ea glaciem ne minima quidem vi pre- 
met, ſed tanget ſolum liberrime cadendo, unde nihil mutabitur non 
modo in figurà, ſed nec etiam in velocitate cataractæ deſcendentis. 
At ſi circumpoſita glacies in aquam reſolvatur, neutiquam jam opus 
eſt tanto machinarum & arietum validiſſimorum apparatu, quos magno 
molimine * adduxerunt tum ipſe vir el. tum etiam geometra eximius 
Johannes Bernoullius, ad fragilem noſtram cataractam confringendam 
& comminuendam : quippe quam ipſe prius Newtonus hiſce verbis, 
+ Liqueſcat jam glacies in vaſe, &c. diflolverit penitus ac diſſipaverit. 
Nullo igitur aut genio nobis opus eſt, aut Erythræi maris miraculo, 
ad cataractam iſtam ſive indicandam, ſive conſervandam, quippe qui 
non adeo uſque ſtolidi aut inſulſi ſimus, ut conſervatum iri eam ſpe- 
remus ab omni aquæ circumpoſitæ communione puram & illibatam. 
Ignoſcat autem nobis, pro æquitate ſua, cl. Michelottus, quod, quæ 
providentiſſimus Newtonus de glacie ambiente, & eadem poſtea in 

quam, reſoluta fuſius tradiderit, ea noſmet lectorem ex ipſo potius cl. 
auctore petere voluerimus, quam ingratà & minime nobis neceſſarià re- 
petitione detineri. 

Non diffitemur ſane paulum diſeriminis, ut id obiter notemus, inter 
caſum a Newtono poſitum & noſtrum intereſſe. Quem enim fingit ille 
cy lindrum glaciei, velocitate data uniformi deſcendentem, ac liqueſ- 
centem & in aquam converſum, quam primum ſuperficiem attingit 
aquæ vaſe contentæ, in eum ſcilicet finem, ut vas ſemper æque ple- 
num conſervetur; hunc nos omiſimus, & ejus loco ſuperficiem aquæ 
infinitam potuimus, ut ei ratione integrum ſolidum, ſive cataractam 

+ Pag. 128, 129, 130. + Princip. pag. 304. 
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hyperbolicam reprefentaremus. At hæc poſitio nihil mutat neque in 
velocitate, nec in motu aquæ decurrentis. g 

Quod autem F ait vir cl. me ſumere, quod eſt in contentione, & 
paulo infra, ceſſare igitur quæſtionem, & totam demonſtrationem abire 
in hypotheſin, non mehercule intelligo, quid ſibi velit. Mihi enim, 
in loco catato, nulla movebatur quæſtio de velocitate aquæ effluentis, 
nec demonſtrationem ullam de ea yelocitate adferebam, ſed id unum 
agebatur, ut ex poſità alla velocitate æquationem curve hy perbolicæ 
Newtonianæ deducerem. Velocitatem nempe aquæ effluentis jam antea 
determinaveram, vel etiam, fi placet, ſumpſeram, poſitis ſcilicet is, 
quæ a Newtono poſita fuerant, aquam nempe gravitatis vi libere ca- 
dere, & inter cadendum accelerari. Hoc autem qui fieri poſſet, prius- 
tradiderat Newtonus, ponendo aquam per glaciem politiſſimam ambi- 
entem, vel etiam per eandem in aquam folutam, ſed quietem adhuc ſer- 
vantem, tanquam per infundibulum, ſine ullà refiſtentia tranſire; quod 
in eum finem ponebatur, ut ſimplicior & magis mathematica reddere- 
tur problematis ſolutio. 

Libet hic loci, propter argumenti affinitatem, erroris meminiſſe, 
cujus Newtonum, Hugenium, Keillium temere nimis, uti nobis vide- 
tur, ex Bernoullianæ demonſtrationis fiducià i incuſat cl. Miqhelottus; 
quod ſcilicet vim, qua totus aquæ exilientis motus ,generart poteſt, 
zqualem ſtatuerint ponderi cylindricæ cplumnæ aquæ, cxyps baſis eft 
foramen, cujuſque altitudo dupla eſt altitudinis aquæ vaſe contente.. 
Hanc paucis admodum verbis, nec tamen ideircomminus perſpiche, de- 
monſtravit Newtonus in corollatio ſecundo propplitions ſupraqictæ. 
Potuiſſet alia quoque deduci demonſtratio ex contemplatione cataractæ 
integræ hy perbolicæ que huic cylindro zqualis eſt, cuſque ,pondus 
totum in aquæ deſcenſum,impenditur.: ſed hac minime OPBS, 

t, 


1 i 


ophs eſt, cum 
idem ex ipia propolicioge Bernoulliana, quam, toties laudat, ac tam 
vehementer defendit cl. Michelottus, apertiſſime ſequatur. Id nullo 


negotio animadvertet vir doctiſſimus, ſi ſepoſita parumper columnæ 
ſoramini incumbentis conſideratione, calculo inſtituto, ex mole aquæ 


dato quovis tempore ex foramine effluentis, & ex velocitate, quãcum 


aquam effluere ſtatuit cl. Bernoullius, ejus aquz motum determinare 
voluerit, & deinde pondus invenire, quod eodem dato temporis ſpatio, 
libere cadendo gravitatis vi, eandem motùs quantitatem generare poſſit. 
Hoc autem pendus reperiet ponderi duplæ columnz aquæ foramini in- 
ſiſtentis æquale, prorſus uti definivit Newtonus in corollario prædicto. 
Idem vero pondus, alteri libræ radio appenſum, ab impetu aquæ, 
cum primum ex foramine effluit, continuato rivo in alterum libræ æqua- 
lem radium impingentis, atque ſtatim poſt impulſum delabentis, in qui- 
ete ſuſtinebitur ; quod poſito calculo facile patebit. 

Videor mihi non malam gratiam a doctiſſimo Michelotto, pro can- 


dore ſuo, initurus, ſi altero inſuper f præjudicio, quo & alios plures: 
teneri video, ipſum liberavero. Newtonus, prop. 37. lib. 2. princip. 
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primæ editionis, aquam demonſtravit ex foramine in fundo vaſis ei 
cum velocitate erumpere, qua aſſurgere poſſit ad dimidiam altitudinem 
aquæ in vaſe exiſtentis. — rationem nemo refellit: con- 
cluſionem plures redarguunt. Experientia, inquiunt, contradicit, qui 
deprehenditur aqua exiliens ad totam altitudinem aſſurgere: quin etiam 
Newtonus ipſe in problematis ejuſdem ſolutione, prop. 36. lib. 2. edi- 
tionis ſecundæ, eam tribuit aquæ velocitatem, qui ad totam altitudi- 
nem proſilire poſſit; adeoque ipſe ſibi contradicere videtur. Atqui fi 
res iſta accuratius & cum judicio perpendatur, reperietur primæ ſolu- 
tioni Newtonianæ & cum ſecunda, & cum experientia ipſà, optime con- 
venire. Nam in fecunda ſolutione, aquæ venam exilientem, ad par- 
vam a foramine diſtantiam, contractiorem diametro ſtatuit vir perſpi- 
caciſſimus, quam in ipſo foramine, in ratione 21 ad 23. Eft itaque 
ſectio venæ in el diſtantia, ad foramen ipſum, ut 21x21, ad 23 * 25, 
h. e. ut 1 ad / 2 proxime. Cumque eadem aquæ quantitas, five per 
foraminis, ſive per venæ contract ſectionem, dato tempore perfluat, 
& proinde velocitates aquæ in iis ſectionibus ſint in ratione ipfarum ſe- 
ctionum reciprocà; erit velocitas in foramine ad velocitatem venæ con 
tractæ, ut 1 ad / 2: proinde, ſi ea fit velocitas venz contractæ, qui 
aqua proſiliat ad integram altitudinem aquæ in vaſe, non major erit 
aquæ velocitas in ipſo foramine, quam qui ad dimidiam altitudinem de- 
feratur. Conſentiunt itaque inter ſe hz duæ ſolutiones; & experientia 
porro cum iiſdem conſentire deprehenditur. Nam ſi per alterutram 
carum ſolutionum, ex definitã velocitate, qua aqua, five per foramen, 
five per venam contractam, tranſire ſtatuitur, 'calculo inſtituto inveni- 
atur quantitas aquæ efffuxurz'; reperietur eadem cum quantitate aquæ, 
quz per experimenta efuere deprehenditur, proxime convenire. Certe 
experimentum ab ipſo illuſtriſſimo Newtono ſumptum, adhibito fora- 
mine, cujus diameter erat quinque octavarum digiti partium, huic cal. 
culo reſpondit; ut etiam alia plura experimenta minoribus diametris 
Londini facta, quibus ipſe cum pluribus Regiæ Societatis ſodalibus, 
ante aliquot annos operam dedi. Abludunt quidem aliquantum dili- 
gentiſſimi Poleni experimenta, ſed tamen minorem aquæ quantitatem 
exhibent, quam ſecundum hunc calculum, nunquam majorem, forte 
quod anguſtiora fuerint vaſa pro ratione amplitudinis foraminum. 
Supereſt adhuc nobis conſideranda t animadverſio una, five potius 


ferupulus viri cl. ex eo natus, quod in coroll. 17. theorem 3. Diſſerta- 


rionis prædictæ majorem ſtatuimus motum, five impetum, ſanguinis in 
arterns omnibus capillaribus ſimul ſumptis, quam in pſa aorta. Hoc 
ut explicet vir doctiſſimus, neſcio quam hypotheſin nobis affingit, de 
majore ſanguinis denſitate in capillaribus arteriis, quam in aorta. Nos 
vero nullam ejuſmodi conditionem poſuimus, ſed corollarium deduxi- 
mus ex theoremate præcedente, in quo agitur de motu aquæ per cana- 
lem plenum quemcunque fluentis: unde patet ſanguinem non aliter con- 
ſiderari in noſtris corollariis, quam quatenus fluidus eſt & aquam æmu- 


+ Polen. de Caſtellis. 1 Pag. 101, 102. 
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latur. Sed patet inde provenire ſerupulum viri el. quod per ſanguinis 


impetum intelligat, quantitatem motus ejus effectam ex multiplicatione 
velocitatis per maſſam dato tempore tranſfluentem. Atqui hic longe 
alius eſt ac noſter ſanguinis motus, five impetus, quippe qui in iſto 
cheoremate æqualis ſtatuitur motui molis aquæ, quæ dato quovis tem- 
pore effluit ex canali, cujuſque ea fir velocitas, qua percurratur eodem 
dato tempore ſpatium æquale longitudini canalis. Facile autem ex hoc 
theoremate fluit corollarium prædictum, quippe cum dato tempore 
tranſfluat eadem ſanguinis moles per aortam & per arterias capillares, 
major autem fit canalis longitudo ex aorta & arteriis capillaribus com- 
poſiti, quam aortæ ſolius. Hoc eo libentius notavi, quod videam non 
ſolum doctiſſimum Michelottum, ſed alios etiam ſcriptores mathema- 
ticos, pluribus in locis, ubi agitur de potentiis, quæ liquorem per ca · 
nales eodem plenos aut in motum impellunt, aut effluentem ſiſtunt, 
nihil aliud conſiderare præter molem & velocitatem fluidi effluentis; 
quum debuiſſet etiam longitudinis ipſorum canalium ratio haberi. Nam 
ceteris paribus, eo difficilius vel expellitur fluidum ex pleno canali, 
vel in effluxu ſiſtitur, quo canalis longior fuerit; quippe quum tota 
moles fluid i canale contenti in motum concitandus ſit, priuſquam ulla 
pars ejuſdem effluere poſſit ex orificio; ſicuti etiam tota eadem moles 
neceſſario ſiſtenda eſt, ſi exitum parti jamjam effluxuræ prohibere 
volueris. * „ 
Accedo jam ad expendendam viri celeberrimi Johannis Bernoulli 
demonſtrationem de velocitate aquæ ex foramine vaſis pleni effluentis. 
In quem finem legi diligenter ac relegi, tum quæ protulit doctiſſimus 
Michelottus de principiis illius demonſtrationis, tum ipſam demon 
rationem a cl. ane communicatam in actis Lipſienſibus anni 
1716. Quæ quamvis nulla ex parte mihi ſatisfaciat, tamen cum imbe- 
cillitatis mea conſcius longe facilius accidere poſſe ſentiam, ut ipſe a 
vero aberrem, quam ut virum nobiliſſimis inventis clarum, & acerrimo, 
ſi quis alius ingenio pollentem, erroris alicujus redarguam; cunctanter 
idcirco & dubitantius proponam, quid in illa demonſtratione minus 
firmum mihi videatur. * | | 


© Fundamentum demonſtrationis (ſcribit vir cl.) in hoc conſiſtit, 


ut conſidetetur guttula liquoris infima, & foramini vaſis immediate 
te 


incumbens, tanquam preſſa, vel (ut ego voco) animata a gravitate 
quadam acceleratrice quæ ſe habet ad gravitatem naturalem ut alti- 
tudo aquæ vel liquoris totius foramini vaſis incumbentis ad altitudi- 
nem guttulæ, ſcilicet ut pondus abſolutum columnæ aquæ foramini 
inſiſtentis ad pondus abſolutum gutrulz ; fic quippe nihil aliud re- 
ſtat, quam ut quæratur quantam velocitatem acquirere * guttula 
animata ab iſta gravitate majori quando cadit per lineolam ſuæ alti- 


de 
cc 
cc 
cc 
ce 


16 


** rudini æqualem, hoc eſt, poſtquam tota exierit per foramen; tam 
du enim premitur a totà columni aquei adeoque animatur a gravi- 
tate majore quamdiu aliquid de guttulà (quam ut columellam ſolidam 
** concipio) ſupra foramen exiſtit. | 
3s + P ag. 131» 
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Poſito hoc fundamento pergit vir cl. ad demonſtrationem ſuam con- 
cinnandam : nobis vero ſuſpecta eſt ipſius fundamenti firmitudo. Ut 
id quo jure fiat, videatur, ita, fi placet, procedamus. 
uoniam nulla alia re utitur cl. Bernoullius, ad animandam, ut vo- 
cat, guttulam infimam gravitate prædictà acceleratrice, niſi ſoli pref. 
fione, five pondere, columnæ aquez foramini inſiſtentis; congelari 
natur. omnis aqua columnam illam ambiens, & columna 1 per 
politiſſimam glaciem fine omni reſiſtentià labi concipiatur. His po- 
ſitis, quamdiu foramen clauſum tenetur, urgebitur ſane guttula fora- 
mini proxima toto pondere columnæ aqueæ incumbentls, prorſus uti 
ſtatuit cl. Bernoullius. | | | 
Reſeretur jam foramen, & permittatur liber exitus aquæ effluxuræ. 
Quid deinde futurum cenſes? Num urgebitur, vel animabitur guttula 
infhma gravitate acceleratrice, que ſe habet ad 1 naturalem, 
ut altitudo aquæ totius foramini incumbentis, ad altitudinem guttulz, 
Minime vero; ſed urgebitur ſola gravitate ſua acceleratrice naturali. 
Nam quam primum guttula infima moveri deorſum incipit, etiam ve- 
2 li placet, infinite parva, non amplius utique urgebitur a pon- 
lere columnæ aqueæ inſiſtentis. Fieri enim non poteſt, ut columna 
aquea guttulam ſubjectam premat, niſi ab illi guttulà impediatur in 
deſcends. Non autem impeditur, quia non conatur velocius deſcen- 
dere, quam infima guttula gravitate ſua deorſum fertur; fed columna 
& gutta pari paſſu deſcendunt, adeo ut Suck. neque columnam deſer- 
tura fit, nec ab eadem ullam vim aut preſſionem fit paſſur a. 
Cedit itaque, ni fallor, & fatiſcit Bernoullianæ demonſtrationis fun- 
damentum: fed: circumſpicienti mihi, . potiſſimum tanto viro 
occaſionem dederit a vero aberrandi, id præcipue occurrit, quod ſci- 
licet minus animum intenderit vir acutiſſimus ad diſcrimen, quod eſt 
inter corpus preſſum a pondere incumbente, quum pondus iſtud non 
niſi a naturali gravitatis vi acceleratrice urgetur, & corpus impulſum, 
five animatum (quoniam iſto verbo uti voluit vir cl.) a grayitatis vi ac- 
celeratrice præter naturam aucta. In caſu poſteriore deſcendet corpus 
majore velocitate, quam que ex gravitate natural proficiſci queat, 
prorſus ex ſententia doctiſſimi Bernoullii: at in priore, utut corpus 
preſſum, dum quieſcit, urgeatur a pondere incumbente, tamen ubi pri- 
zum deſcendere incipiet, eãdem prorſus velocitate deſcendet, ac ſi prius 


5 , 


ps 


nullo pondere incumbente preſſum fuiſſet, * 
Quieſrere Donatur in menſa columna ſolida ex centum aureis ſibi in- 
vicem impoſitis confecta, & urgeatur, ut fit, aureus infimus pondere 
aureorum incumbentium. Si fiat jam foramen in menſa ſubter aureos, 
ut labi ſinatur aureus infimus : quamprimum iſte aureus deſcendere in- 
cipiet, liberabitur ſtatim ab aureorum incumbentium pondere, & eadem 
velocitate deſcendet tum aureus infimus, tum reliqul omnes, ac ſi ſolus 
We aureus in menſa conſtitutus fuiſſe t. 
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Mitto dicere, quad, ſi quis ex velocitate, quãcum aqua ſeeundum 
cl. Bernoullii placita ex fora mins egreditur, & ex determinata per gan 
velocitatem mole aquæ dato quovis tempore effluentis, motum ejuſdem, 
ut ſupra monui, definire voluerit, eundem duplo majorem reperturys 
fir, quam qui ex pondere columnæ aqueæ foraminy inſiſtentis, eodem 
tempore, gravitatis vi generari queat. Profetto videntur iſta mihi 
tantam veri ſpeciem pre ſe terre, ut multum debiturus ſim ye el, Mi. 
che lotto, five ipſi demonſtrationis auctori celeberrime, ſi me aliquid 
rectius docere dignabitur.. 1 lo dg | 

Liceat interim ipſis, pace tantorum virorun, ſequentia duo experi- 
menta, ad controverſiam iſtam certius dijudicandam, vel de novo in- 
ſtituenda, vel ſaltom diligenter expendenda commendare.  Altarym 
Newtonianum, pag. 305. princip. ſecund. ed. deſeriptum ; ut invenia- 
tur, ex mole aquæ dato temporis ſpatio efluentis, veloeitas, qua eum 
tranſit per ipſum foramen: alterum el. Mariotti, libro du mouvement 
des eaux, part. 2. diſc. 3. regh 1. quod tubo cylindrico, utrinque 
aperto, parte inferiore ſurſum reflexo,, & aqui pleno ſumptum elt ; 
unde facile zſtimari poſſit, utrum guttule prime aquæ effluents ad 
tantam altitudinem -profiliant, quantam requirit Bernoulliana demon- 
ſtratio. 129 tn | 411 7 iA. {1: 16168 
"FJ Avis found by ſeveral experiments in ſmall, that thro? a 

long pipe water would nat be diſcharg'd in the ſame quanti- 
ty by a great deal, as it would be thro? a ſhorter of the ſame bote, the 
orifice being at the ſame depth under the ſurface of the water in a reſer- 
voir; I made an experiment upon a pipe above 1000 yards in length 
and of 1 4 inch bore, and found that the quantity of water given was 


much leſs (I think I leſs) than it ought to have been according to 


M. Mariotte's rules, and that ſomething more than the friction, on 
account of the length of the pipe, had retarded the water; which 1 
found fince to be air confin'd in the eminent parts of the pipe. 
Conſidering this matter again lately, I made the following experi- 
ment. Fig. 159. A is a veſſel containing a cubic foot in the inſide, and 
always kept full by means of the pipe B running from a larger veſſel. 
CD is a ſhort pipe of 4 of an inch bore, two foot in length, opening 
into the bottom of the ciſtern: A, and whoſe orifice D is always 10 in- 
ches below the bottom of A. OGEEEHF is another pipe of the 
ſame bore, whoſe orifice F is likewiſe 10 inches below the bottom of A. 
This pipe is 113 yards long, lying along the ground five foot below A, 
except the depending part O G and the aſcendiug part HF. When 
F is ſtopt, and (A being kept full) che water runs out at D, the quan- 
tity of water givgn is 19 times more than when D is ſtopt, and che wa- 
ter runs out at F. The air confin'd in ſeveral. parts of the long pipe 
is the chief reaſon of this difference. To get rid of this air I made 
ſeveral experiments to find whereabouts it lodges; the mote cafily to 
let it out; one of which was as follows. 1 14 ; 
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I took a glaſs pipe as AB fig. 160. of about one inch in diame- 
ter, 12 foot in =, fp P to P, only the parts AP and PB at the 


other end were of then pouring in water at A till it came up to 
B, ſtopping the end G, the air lodg'd in the eminent parts of the pipe 
at the places mark d CC, DD, and EE; but when the water was ſuf⸗ 


fer'd to go out at G the air came forward towards G, and took up the 


ces oc, dd and ee, contracting the bore of the pipe as before, but 


Rood more forward in the pipe, ſo that it generally happen'd that 


the ſpace of air began upon the upper part of the eminence of the pipe. 
N. B. The glaſs pipe may be made of ſeveral pieces join'd to each 
other, and to the leaden pipes and funnels by braſs ferrils and elbows 


turning in all manner of angles. Theſe are not repreſented here. If 


the velocity of the water is very great, the air will go even beyond 
the eminence- of the pipe. | | 

To let out the air from the conduct pipes, which obſtructs the run- 
ning 6f the water, I recommend the experiments which I made, and 
the apparatus which I applied to a wooden conduct pipe of nine inches 
bore, which runs a mile and a half from the water-engine at York- 
buildings to a reſervoir near Cavendiſn- ſquare; the ſurface of the 
water in the ciſtern at the water-houſe being ſometimes 15, and ſome- 
times 20 foot above the iſſue at the reſervoir. 4 | 
Upon a part of the pipe, ſuch as A B, fig. 161. I fix'd a leaden 
Pipe D Fof 2 inches in bore, by means of 3 ferrels or ſhort communt- 
cation-pipes 3 the firſt at D juſt beyond the beginning of the ſpace CC, 
that us'd to be fill'd with air in the running of the water, the ſecond 
in the middle of the leaden pipe, and the third at the end of it; the 
length of the pipe itſelf being from 12 to 24 foot, according to the 
ſteepneſs of the deſcent, the ſhorteſt pipe being ſufficient where the 

ſcent is very quick. From the middle of the leaden pipe above- 

ention*'d ( call'd a rider, from its being laid along on the main or 
conduct pipe) there goes another leaden pipe as E H, of the ſame 
diameter, riſing all the way very gently from E to the cock H, and 


ſo on to I; becauſe, if there was the leaft deſcent, water wou'd lodge 


in it. Now, when the water runs from A to B, the firſt ferrel D will 
catch the air as it runs ſo as to let it out at I if the cock H be open, 
ſometimes without going to G or to C. But if the cock had not been 


. open'd, till the water had paſs*'d through the part AB. of the pipe, 


the air wou'd lodge in the ſpace CC, and be diſcharg'd upon the 
opening of the cock. After the cock has been ſhut, when no more 
air comes and water ſucceeds, after ſome time air will extricate itſelt 
out of the water and come up to CC; or if it comgs from the parts 
of the pipe towards B, it will riſe contrary to the current of the water 
quite up. to C, and ſo go out of the pipe FH, wher-the cock is open'd 


again. As after the firſt diſcharge of the air, it cannot be known 


when more air is got into the pipe, unleſs. by opening the cock, which 
vou d require one man to attend each cock conſtantly, and occaſion a 


waſte 
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Char. VI. Of the running of Water in Pipes. 


waſte of water at every turn of the cock, unleſs when air happens to 
be in the pipe; it was propos'd to contrive a valve that ſhou*d open to 
let out the air, and ſhut again when the water came; and an inverted 
braſs clack or valve ſhutting upwards, and falling down by its own 
weight, with cork fix'd to the under- ſide of it to help it to rife when 
the water came, was mention'd as fit for the purpoſe by ſome of the 
perſons I talked with about it. But we rejected that propoſal ; be- 
cauſe when ſuch a valve has been ſhut ſome time, if air ſhou'd extri- 
cate itſelf from the water, it wou'd be denſe air, whoſe force being 
equal to that of a pillar of water 30, 60, 80 or more feet in height, 
it wou'd keep the valve ſhut as well as the water did before, though 
the air at firſt cou'd not ſhut the ſaid valve. At laſt, after ſeveral 
thoughts, we contriv*d a machine which exactly anſwers the purpoſe, 
and is very ſimple ; therefore it will be of general uſe. The deſcri- 
ption of it is as follows. 

In fig. 162. G ts a ſection of the main or conduct pipe, with 
water up to G, and air above it, AB being an horizontal line 
touching the top of the ſaid pipe: EHI is the leaden pipe de- 
ſcrib'd above, and mark'd with the ſame letters as in fig. 161. 
reaching from the pipe in the {ſtreet to the ſide of an houſe, or to the 
ſide of one of the poſts that are ſet up to keep off coaches from the 
foot-way. The machine is the box K made of caſt-iron, fix'd to 
the leaden pipe at I, with a thin door of plate-iron moving on hinges, 
and made to lock at D. This box ſtands in the ſtreet out of the way 
of paſſengers, with its bottom fix'd to a plank in the pavement, ſo as 
not to be damag'd by a ſmall ſhock or any chance blow. The ſeveral 
parts of the machine are the following, 

Fig. 163. NN 1s an iron plate about an inch thick, with 4 holes 
at 1, 2, 3, 4 of about an inch diameter, quite through the plate, to 
let through 4 ſcrews, ſuch as 4 OO is a fice or flat ring rais'd out of 
the whole ſtuff, and prominent about x of an inch, ground or turn'd 
to a true flat, 5. Is an hole of about 1 r inch diameter, to receive the 
noſe of a cock which is put through it, ſtopping with a ſhoulder or 
flaunch ſcrew'd within the circle O O by 4 other ſcrews mark*d with 
large points round the hole 5. Fig. 164. NN is the ſame plate ſeen 
edge-wiſe. M is the air-cock ſcrew'd to the ſaid plate through the 
flaunch of its pipe at u, having its key 6, 10, faſten'd to a rod of 
about x an inch diameter of the figure 6, 7, 8, 10, having a ſhank 
one foot long, 8, 9. join'd to a buoy or hollow copper ball-L, which 
ball, when the ſaid ſhank is in a horizontal ſituation; keeps. the cock 
ſhut ; but falling by its own weight, when not ſuſtain'd by the water, 
opens the cock by means of the rod 8,9, as may be ſeen in fig. 165. 
where the plate NN is ferew'd to the box, and the-prick'd line MIL. 
ſhews the ſurface of the water coming into the box through the great 
cock and leaden pipe HI, ſo as to make the ball L float with its ſhank 
in the horizontal ſituation 8, 9; but when more air comes in to drive 
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Fig. 162. 


Fig. 163. 


Fig. 16. 


Pig. 165: 
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Of the Water-works at London-bridge. Parr I, 


the water down the pipe I, the buoy will fall to l, and irs ſhank comin 
down to 10, 11,” will open the air cock M, and let out the air (be it 
denſity what it will) till it be all diſcharg'd, and the water is again got 
up to M L, and has rais'd up the buoy to L. NN is the fore- part 
of the box with its hole, to which the plate of fig. 169. is Kwwil. 
It is eaſily conceiv*d that the cock H muſt always be left open; 
that the end of the pipe I is ſcrew'd to an hole in the bottom of 
the box by means of ſcrews at v; that there are oil'd leathers 
at the heads of all the ſcrews, and likewiſe upon the plate NN, 
to make the face OO of fig. 163. apply itſelf cloſe to the fore-part 
of the box K (fig. 166.) which has an hole at OO to take in the 
buoy and cock of fig. 164. the ſcrews at 1, 2, 3, 4, which have 'their 
heads within the box, and their nuts ſuch as 5 (fig. 163.) ſcrew'd on, 
when the plate NN is apply' d; and that the whole box, thus fitted is 
made air- tight. D in fig. 162. and DD in fig. 165. repreſent an iron 
door to cover the mouth of the air- cock from external injury, and is 

nch'd full of holes to let out the air freely. | 

II. HE wheels are placed under the arches of London- 
441 Bridge, and moved by the common ſtream of the tide- 
water of the river Thames. 

AB the axle-tree of the water- wheel, 19 feet long, 3 feet diameter, 


in which C, D, E, F, are four ſets of arms, * in each place, on 


which are fixed GG G G6, four rings, or ſets of - felloes, in diameter 
20 feet, and the floats H H H, 14 feet long and 18 inches deep, be- 
ing about 26 in number. * | (12499 Wer 

The wheel lies with its two gudgeons or centers, AB, upon two 
braſſes in the pieces MN, which are two great levers, whoſe tulcrum, 
or prop, is an arched piece of timber L, the levers being made cir- 


| cular on their lower ſides to an arch of the radius MO, and kept in 


their places by two arching ſtuds fixed in the ſtock L, through two 
mortiſes in the lever M N. | | | 

The wheel is, by theſe levers made to riſe and fall with the tide, 
which is performed in this manner. The levers MN are 16 feet long; 
from M, the fulcrum of the lever, 'to O the gudgeon of the water- 


wheel, 6 feet; and from O to the arch at N, 10 feet. To the bottom 


on whoſe axis is a winch, or windlaſs W, by which one man, 


of the arch N is fixed a ſtrong triple chain P, made after the faſhion 
of a watch- chain, but the links arched to a circle of one foot diameter, 
having: notches, or teeth, to take hold of the leaves of a pinion of 


caſt iron Qs 10 inches diameter, with eight teeth in it moving on an 


axis. The other looſe end of this chain has a large weight hanging 
at it, to help to counterpoiſe the wheel, and preſerve the chain from 
fiding on the pinion. On the ſame axis is fixed a cog-wheel R, 6 
feet diameter, with 48 cogs. To this is applied a trundle, or pinion 
8, of fix rounds or teeth; and upon the ſame axis is fixed T, a cog- 
wheel of 51 cogs, into which the trundle V of fix rounds, works; 


with 
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Car. VI. Of the Water-works at London- bridge. 


_ the two windlafſes, raiſes or lets down the wheel as there is 
occaſion. 

And becauſe the fulcra of theſe levers, MN, are in the axis of 
the trundle K, viz. at M or X, in what fituation ſoever the wheel is 
raiſed or let down, the cog-wheel II, is always equidiſtant from M, 
and works or geers truly. 

By means of this machine the ſtrength of an ordinary man will 
raiſe about fifty ton weight. | 

II, is a cog-wheel fixed near the end of the great axis, 8 feet 
diameter, and 44 cogs working into a trundle K of 4+ foot diameter, 
and 20 rounds, whole axis or ſpindle is of caft iron 4 inches in diame- 
ter, lying in braſſes at each end, as at X. 

Z Z is a quadruple crank of caft iron, the metal being 6 inches 
ſquare, each of the necks being turned one foot ſrom the center, 
which is fixed in braſſes at each end in two head-ftocks faſtened down 
by caps. One end of this crank at Y is placed cloſe abutting to the 
end of the axle-tree X, where they are at thoſe ends fix inches diame- 
ter, each having a ſlit in the ends, where an iron wedge is put, one 
half into the end X, the other half, into Y, by means of which the 
axis X turns about the crank ZZ. | 

The four necks of the crank have each an iron ſpear or rod fixed 
at their upper ends to the reſpective libra, or lever, a 1, a2, 43, a4, 
within three foot of the end. Theſe levers are 24 feet long, moving 
on centers in the frame bbbb; at the end of which, atcr, e2, 3, c4, 
are jointed four rods with their forcing plugs working. into 
di, d2, d3, d4, four caſt iron cylinders four feet three quarters 
long, ſeven. inches bore above, and nine below where the valves lie, 
faſtened by ſkrewed flanches, over the four holes of a hollow trunk of 
caſt iron, having four valves in it juſt over e e e e, at the joining on of 
the bottom of the barrels, or cylinders, and at one end a ſucking 
pipe and grate f, going into the water which ſupplies all the four 
cylinders alternately. 3 | E 

—.— the lower pare —4— cylinders d 1, 62, d 3, d 4, come 9 
neeks turning ard archwife, as „ Whoſe upper p are ca 
with flanches e up to hs khhh; ae hacks have 
bores of 7". inches diameter, and holes in the trunk above commu- 
nicating with them, at which joining are placed four. valves. The 
trunk 1s caſt with! four boſſes or protuberances, ſtanding out againſt 
the valves to give room for their opening and ſhutting ; and on the 
upper fide are four holes ſtopped with plugs, to take our on occaſion, 
to cleanfe the valves. One end of this trunk is ſtopped by a plug i. 
To che other, iron pipes are joined, as i2, by flanches, through 
which the water is forced up to any height or place require. 

Beſides theſe four forcers, there are four more placed at the other 
ends of the librz, or livers (not ſhewn here to avoid confuſion, but 
% be ſeen on the left} hand) the rods being fixed at a 1, 25 

| Working 
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working in four ſuch cylinders, with their parts dd, &c. ee, f, gg, 
-and i, as before deſcribed, ſtanding near k k. 


At the other end of the wheel (at B) is placed all the ſame ſort of 
work as at the end A is deſcribed, viz. 


The cog-wheel I. The four levers ac, ac, &c, 
The trundle K. zs forcing rods a d, ad, &c. 
The ſpindle X. 8 cylinders de, de, &c. 
The crank V, Z. , 4 trunks, ſuch as ee, hh. 
The ſucking pipes f. 2 forcing pipes, as i. 


that one ſingle wheel works 16 pumps. 
All which work could not be drawn in one perſpective view, with- 
out making it very much confuſed. 

In the iſt arch next the city is one wheel with double} 6 Force. 

work of — — — — — 1 rcers, 
1ſt wheel double work at one end, and 

In the zd ) ſingle at the other -—— —— F *? 
arch Jad wheel in the middle 

3d wheel 


— 8 
9 s — — — 16 | 
In all 52 Forcers. 


One revolution of a wheel makes in every forcer — 2 ſtrokes. 


So that one turn of the 4 wheels makes 114 ſtrokes, 
When the river is at beſt, the wheels go ſix times 


round in a minute, and but 4 x at middle water =Þ 6 1 
— 


The number of ſtrokes in a minute — ä— 684 
; The ſtroke is 2 & feet, in a 7 inch bore, raiſes — Ale 


They raiſe per minute 2052 Gall. 
That is, 123120 gallons = 1954 hogſheads per hour, and at the 


rate of 46896 hogſheads in a day, to the height of 120 feer. 


This is the utmoſt quantity they can raiſe, ſuppoſing there were no 
imperfeCtions or loſs at all. , | 


But it is certain from the conſiderations following, that no engine 


can raiſe ſo much as will anſwer the quantity of water the cylinder 
contains in the length of the forcer, or piſton's motion: for, 


Firſt, The opening and ſhutting of the valves loſe near! 


y. ſo much 
of that column, as the height they riſe and fall. 


Secondly, No leather is ſtrong enough for the piſton, but there 


muſt continually ſlip or ſqueeze by ſome water, when it 1s raiſed to 
a great height; and when the column is ſhort, it will not 


leather enough to the cylinder, or barrel: but eſpecially at the begin- 


reſs the 


ning, or firſt moving of the piſton, there is ſo little weight on it, 
that before' the leather can expand, there is ſome loſs. 


Thirdly, And this loſs is more or leſs, as the piſtons are looſer or 


ſtreighter leathered, 


Fourthly, When the leathers 


| row too ſoft, are not capable 
of ſuſtaining the pillar to be raiſed, a 


Fifthly, 


Car. VI. Of the Water-works-at London: blidge. 374 
Fifthly, If they are leathered very tight, as to loſe no water, hben 
_ part of the engine's force is deſtroy'd by the friction. EEE 

By ſome experiments 1 have accurately made on engines whoſe parts 2 
are large and excellently en they will n * and err 7 of 

the calculated quantity. .. en 

However the perfections or errors of ne! are to be com | 
together by the calculated quantities or forces, for as they difter in 
thoſe they will proportionably differ in their actual performances. 
The weight of the pile of water on a forcer 7 n diameter, The power by 
and 120 foot high. whe the 
are 
7* 7 40 U che edi averdupoiſe i in a Pi nearly. 
40 yards high. 36543 | 
1960 W on cre; (x15) 072d not _— 
8 forcers always lifting. | | 1 

The whole he? 15680Þ == 140 Ct. = 7 con eight on the engine by 

at once. we 
Then the crank pulls the libra 3 feer from the bien, * 53 * | 

from the center. © 
r 1 yoa 
4. e 
5.555. 1 (945 ton on the crank. . J. 1 
| | + Wallower .. 2,2)9,5(4,3 on rrundle, | 14 
The ſpur Wheel DS" «7 013009 4t 
The radius of the great wheel 10) ( rot. 710] 5 
52 ValYy 
Te force on che floats 18 Ct. 40% 34,40 ct. "41s 
* to allow for friction and velocity, may be reckon'd I ton K | 
d (103D19 
18 — - hag — = — 22,4 ſquare. beer. 1 0 26 
, or VO: of wine" w" REY ee 7201/06 5126 L 
x | 1 Tn a LN * Dmat 
D ina cub, 7? 1 - 8 
268,8 , 7 
AP 22, in « gallon. „ 
43 112)2 688.024 — 1 mol wink 
he velocity of the water, 4 feet in 21 of time. 01 ; cl, bas aan 

21“ — 4 ft, :: — 60: = 685 feet per minute. didw = 251 
The velocity of the wheel = 310 feet per minute. —_—— 
Quantity expended on the wheel, according to he velocity of the | 24 24 

ſtream 1433 hogſheads per ſecond. 1 * 


But at the velocity of che wheel 645 hogſheads per ſecond, - 
The velocity of the wheel oth velocie of the water, 4 1-40 42% 
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An An Engine te nate water by Ngielſiluer. Pur lh 


Sone abſanva- = Alltho" they may juſtly be eſteem'd as good as any in Europe, yet 

Hom: on theſe are there, as I conceive, ſome things which might be alter; d very much 
Warer-works. ſor che better. nes att v1 q Leanrte t V4 

Firſt. if inſtead of feen foroers they work d only eight, the ſtroke 

might be five feet in each forcer, which would draw a great deal mote 

vaten With the ame. power on the wheel 5 for then there would be but 

half thi opening and ſhutting of valves, conſtquently but half that loſs; 

and a H, ſtroke draws above double the quantity of two ftrokes 

f ach, by near 5, in regard the velocity is double, which is the 

moſt valuable conſideration in an engine where the pipes will ſaſtain 

enen ue ee © ni öbv Ten ol #04 = 5 x 5 

ondly, The bores that carry off the water from the forcers are too 

ſmall, there being (nearly) always two pillar of inches diameter forcing 

into one pipe of the ſame diameter, and 7 * 7 49, and 49 + 49 = 98. 


Therefore thoſe pipes of conveyance ſhould be near nine inches 
— 5 1 „„ © 4 3 n 


The perfection, 3 
of the machine. The timber- work is all admirably well performed, and the com 
titiox and contriwande, for ſtrengch and uſcfulnefs, not 8 
: any I have ſeen. N 
The caſt iron cranks are better than wrought ones, by reaſon they 
are very ſtiff, and will not be ſtrained, but ſooner break; but then 
they are cheap, and new ones eaſily put in. N 
The wedge for Putting on or relea fing the crank and forcers, is bet- 
ter than the ſliding ſockets commonly uſed. TOES TH oy 
The forcing barrels, trunks, and ul their apparatus, are very curi- 
ouſly contrived for ꝓuttiug together, mending, altering or cleanſing, 
and ſubject to as little Friction as poſſible in that part. T 
The machine for railing and falling the wheels is very good, tho! but 
ſeldom uſed, as they tell me; for they will go at almeſt any depth of 
water, and'#$'th& tide turns che wheels go che ame way, with it. 
Theſe machines at; London- bridge ave far fuperior to thoſe: fo. much 
fam'd at Marly in France;-mregard the latter are very ill deſign'd in 
their cranks, and ſome other parts. 
An engine te VIII. . Haskins &nding that all hydraulic engines working 
2 water by with pumps foft a great deal of water (always giving leſs 
guirkfilver, in- 1 | J g 
vented by the than the number vf ft vught to give according to the contents of 
lateMr.Joſhus the barrels) add that when the piſtons are new leather'd to prevent that 
_— and joſs, the friction is mac ine eas d and the engines ate fubject to jerks, 
Br. Beg. which in great works do often! diforder an engine tor a long time, by 
bers, x. 370. breaking ſome of che parts, contriv'd a how Wity of raifing water with- 
5. 5- Jan. &c. gut atry Friftion of ſohds, making we of quickſilver inſtead of leather, 
722. to keep the air or water from ſſipping by the ſides of whe piſtons in the 
barrels where they work, hoping thereby ee all the abovefaid 
in cdAMWnichecs; ant fo) to have Waver engines lefs Rable to de out of 
oat than any yet made. | 
{33 7. | 
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Car. VI. Au Engine to raiſe water by Quickfiloer- 


. The fb experiment he e an engine that he fer up at my, 
houſe a bop two. years agq, which. I repeated befare tho oRoy al; Sgciety: 
in a model; and tho? by t Fil contrivance of the Fable — a 5 
near the quantity of water that the invention is 
deſcribe 4 machine here, becauſe it will mah peg 
ſtanding of our preſent repens 

Fig: Jp 68, dddg repreſents, a Jignum, vit plug or jon (vhigh 
Mr, Haskins call 2 plunger) about 6 foot Jong, mage heavy 
with lead at top to ſink into mercury, which is before-hand Pod 1959: 
the-harrel DI D g up to mm. The chain E E a, join d to the piſtp 
and the power chat moves it, being let doun till che Ly Fw to D 9 
the 1. riſes to the ſame height in the barre], and in the regeiyer 
(which it fils) ag WIT as appears in the figure. "Then drawing 
y Ih, piſtan till its 5 come ta mm, the mercury coming out 

of the receiver down to 0 o makes 4 vacuum, and the weight of che zt 
ka La cauſes, the water to riſe up thrg' the ſucking pipe AI M. 
and valve V into. the receiver. where the mercury way before. 
letting down the piſton again the mercury riſes into the receiver, ang. 
drives up the water thro the elbow. B, the forcing valve u, and {9 up 
the forc Pipe 22 af: bur when once the forcing pipe (which here. 
was 46 foot high) is full, before — mercury can enter into the regei - 
ver, and force any water out at the top of the pipe a 1, the mercury 
between the piſton and barrel mult riſe up to ꝗ ꝗ near 3 f feet above the. 
bottom of rer, 352 as it continues to riſe ix to.PP, the Water 


0 — 9 — 


5 


= Xx. 


barrel "— 

two. ES Ex Eg, and * of a ſolid qo the hollow —— 
Cc fix'd, and the mercury moving up and down in dhe Joer park 
of it, ſucks and forces the water 0. the elbow... The iy repres 
ſents the. engine fucking, by means af the 7 hanging from 9 t 
mm. In efder ſo force, before any water can he driyen out, the mes: 
950 in the inner Wine a ce from do to qm, And viſe vp to 
p berween. that cylinder and the barrel z ſo chat here ale 4 Seat ea 


+; tinge is loſt, beſides the great quantity of mercury uſed; which is 151 il 
"I N becauſe as much mercury is m 'dievery:lvoke m— 
pr rais*d 


Theſe difficult yery much pyzzled Mr. Moki, and, quite Gif 
courag'd f. ame other perſons that Tx got the ſecret of the invention, 


and 


— — . b 
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Fig. 170. 


F ig 171. 


Fig 172. 


Tig. 173 


z * \ 8 3 q 3 THe * 8 0 8 = 5 . 22 
In Engine to raiſe water by Quickfiboer. Parr I. 

and were ſetting up againſt him. But when T had conſider'd the mat- 
ter a Hñttle, tho“ I had not time to contriye a machine for ir, I told him 
that a little mercury might be made to raiſe a great quantity of water, 


and there ſhould not be ſuch a loſs of time as in his engines; but that I 


would” have him find it out before I aſſiſted him farther. In a little 


time he found out the contrivance repreſented in fig. 171, and after- 
Wards chat of fig. 170, which laſt was what IJ had thought of; and both 


theſe were alſo found out by tlie late Mr. William Ureem an excellent 
mechanic! | arte e 2 ys * P Shu VIDE OHH ANY my gh 2 * 
Here the Barrel is mov'd as in fig, 169, but the plug d dd taking 
+ great deal of ſpace, there is occaſion for no more mercury than 
what will make a concave cylinder or ſhell up to p p between the bar- 
rel DI D2, and the hanging cylinder Ct C2 cc, when the ſtroke 
is made for foreing; ard n between the plug and 
Ct Cz ce, when the ſuction is made. 1 gave Mr. Hafkins the 
proportions for an engine this way, of which he made a draught, 
and ſnew'd it to the right honourable the lord Chancellor about fix 
months ago. This I mention here, that no body may endeavour to 
get a patent for this invention, to the prejudice of Mr. Haſkins's 
aſſignees; who ſince his death have deſir'd me to aſſiſt them in per- 
eee eee dene nne ee 
Here the barrel with à third cylinder d d d d inſtead of the plug 
6f fig. 170 is lifted up and down every ſtroke, and the water paſſes 
through d d d d, the mercury making a ſhell ſometimes between the 
middle and inner cylinder as in the ſuction; and ſometimes between 
the barrel and the middle cylinder, as in the forcing ſtroke. 
Mr: Haſkins had contriv'd ſuch a machine as is repreſented by this 
17Ht figure, and beſpoke the ſeveral parts before he dy*d ; and there- 
fore when I was deſir'd by his aſſignees to direct the ſetting up the 
machine,” I Was eblig'd to make -ufe of the pieces already made, in 
order to ſave'the-expence of a newengine: and now the whole put 
together with ſome alterations, make the engine reprefented by 


«1 fg 172, avit'is-ſet'up'at'my houſe in Weſtminſter,” and by the force 


" ohe man; raiſes a hogſhead' of water in little more than a minute 
anda half ts the” height of 27 feet. Alk the fault of the machine o 
fig. 72; is, that the pendulum handle Ff is too long, and the bot- 
win of che middle cylinder C ought to be juſt in the middle of the 


KReight to which the water is to be rais'd, fu ſing three copper cy- 


inders to be as they are here: if likewiſe che barref D. P work d 
undet the ſorcing pipe, the lift would be ether,” Therefore I deſcribe 
ihe machine with the fma li alteration repreſented in fig. 173. 
1 The fucking and foreing pipe and valves are mark*d with the fame 
letters as in the other figures; and the chains Er E 2 muſt. be ſup- 
posꝰd to hang from ſuch pullies, and to be mov'd by ſuch a pendulum 
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cylinder, and repreſented by the ſame letters in fig. 174.) has within 
it another cylinder (call'd the inner cylinder or plug, as d d d d 
fig. 174.) between which two cylinders a certain quantity of mercury 
is pour'd in, and the hanging cylinder C coming down into the 
mercury, a ſtroke of 13 inches may be made by the motion of the 
barrel, which in going down ſucks by making a vacuum in C, and in 
going up forces the water out of the top of the forcing pipe, per- 
forming the office of a common piſton z only that inſtead of leather 
to make it tight to the cylinder C, there is always a thin ſhell of 
uickſilver either between the middle cylinder C and the inner one, 
(dd dd fig. 174. ) as happens when the ſuction is made, or between 
the middle and outer cylinder, as happens in lifting up the barrel to 
force. In the fution, the mercury is higher in the inner ſhell than in 
the outer ſhell, by an height equal to a little more than part of the 
height of the barrel above the water to be rais'd: And in forcing, it 
is higher in the outer ſhell than in the inner by a little more than 
77 of the height of the pillar of water to be forc*'d. And therefore if 
the water is not required to be rais'd above 6: feet, the barrel ſhould 
move ſo as to make the middle of its ſtroke at the height of 30 feet, 
or at the middle of the way from the water to be rais'd, to the deli- 
very at top. | | | 
The r74th figure drawn by a larger ſcale, repreſents the three cy- 
linders, which are here made of copper in their juſt proportions : 
and for the fake of thoſe that would conſider this matter fully, T 
have here given their lengths, diameters within and without, and 
Outer cylinder Middle or tang- Inner cylinder or 
or barrel, DI D 2. ng cylinder, in plug cloſed at top- 
which the ſtroke y a cap, and mo- 
is made C1 C2. cc. ving up and down 


with the barrel to 
which it is joyn'd 


"TE at bottom. d d d d. 
Inches inches Inches 
Length — 30 —,0 ora | 
_—_ 4 | 6,74 — 6,35 —-6,03 
' Thickneſs —— 0, 10 , os — 


Diameter © 3 
. 1— % — . „„ eee 


Here B B repreſents part of the elbow of fig. 172, or of the forcing, 
pipe of fig. 173. But as the ſpaces between the cylinders are ſo ſmall, 
as not to be viſible even in a large draught made by a ſcale; I have 
here given three more draughts of the three cylinders, where the 


height is agreeable to the ſcale of the 174th figure, but the diameters 
of the middle and inner cylinders are made leſs than they are in tlie 
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Fig. 176. 


Fig. 175. 


Fig. 177. 


engine, to make the ſpace between (where the | mereury riſes and 
falls) viſible; and the cylinders themſelves are repreſented by ſinglo 


lines. 

The quantity of mercury us'd in this engine is 36; pounds, which 
being pour'd in between the outer and inner cylinder rifes up to the 
height of 16 inches. = | 

When the barrel is pull'd up (as in fig. 176.) ſo as to have the 
middle cylinder within an inch. of the bottom of the barrel ; the mer- 
cury on both ſides the middle cylinder will riſe up to the height of 
23,1 inches, that is about two inches below the cup D 1, to the 


line q q. . 

| When the barrel is going down to fill the ſucking pipe and middle 
cylinder C, the mercury in the inner ſhell will be 25 inches high, 
and only 13 in the outer ſhell, fig. 176, where the ſhaded part repre- 
ſents the mercury. | | 

At the end of the ſucking ſtroke the mercury is up ta the top of 
the inner cylinder, and ſcarce an inch in the outer ſhell, fig. 175. 

In railing the piſton from forcing to ſucking, the firſt 14 inch 
drives the mercury out of the inner ſhell, and raiſes it in the outer 
ſhell 13,28 inches. | % 107 ol | 

The depth of an inch of water in the middle cylinder above the 
inner one or plug is equal to a ſpace in the outer ſhell of 13,28 
8 and 4 of an inch is equal to the ſame height in the inner 

ell. 

Therefore when the mercury is equally high in both ſhells, a moti- 
on of + of an inch of the barrel will charge for ſuction. That js, 
upon letting down the barrel only t of an inch, the preſſure of the 
atmoſphere in the outer ſhell will raiſe the mercury in the inner one 
13,28 inches, at the ſame time, that it puſhes up the water from the 
well 13 foot and a half high into the ſucking pipe. And when all the 
pipes are full, if the mercury be equally high in both ſhells, upon 
raiſing the barrel one inch, the mercury will riſe 13,28 inches in the 
outer ſhell; which I call charging for forcing ;: becauſe in continuing 
to raiſe the barrel, the forcing valve immediately. riſes, and the 
water comes out at top during the reſt of the ſtroke, which is 12 
inches, and delivers 1,6 gallon of water wine meaſure. 

Fig. 177 repreſents the forcing ſtroke, half way up; with the 
mercury 17 inches in the outer ſhell, 4 inches in the inner, and the 
whole ſpaee at bottom under the middle cylinder 7 inches. 

From this it appears, that in the whole ſtroke of 13 inches in length, 
there is only + of an inch Joſt, to charge for ſuction, and in the next 
ftroke, which is likewiſe of 13 inches there is only one inch loſt to 


charge for forcing; ſo that in a motion of 26 inches, there is but 15 


inch, or about 2 part ineffectual. But this is owing to the too large 
ſpace of the outer ſhell, which contains 4 times more than the inner 
one, becauſe the cylinders were only hammer'd, and not turn'd ; f 


if 
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if the outer ſpace had been no bigger than the inner, then $ of an 
inch of the ſtroke would have charg'd for forcing ; ſo that only + 
an inch in 26, or vr part of the whole ſtroke would have been inef- 
ſectual; and in that caſe, 5 of the quantity of mercury, or a little 
more than 12 pounds, would have been ſufficient. | | 
There may till leſs mercury be us'd, if the middle cylinder be 
made of plate iron turn'd on the outſide, and bor'd within, the outer 
cylinder bor'd, and the inner one turn'd ; fo that if the work be well 
perform'd, eight or ten pounds of mercury will be ſufficient in this 
engine, tho* the bore of the middle cylinder, or diameter of the 


pillar of water which is rais'd, be of 6,35 inches. If the bore of 
the ſaid cylinder was but 3 inches, leſs than 3 pounds of mercury 
would ſuffice, and leſs than ſix if there were two barrels, in order to 
keep a conſtant ſtream through a pipe of almoſt the ſame diameter. 
This will very much leſſen the expence of mercury, which would 
otherwiſe be an objection againſt this engine; and by making the inner 
and outer cylinder of hard wood, as box, or lignum vitæ, the coft 
of the engine may {till be reduc'd. But if the engine be very large, 
caſt iron bor'd will be proper for the outer cylinder, and caſt iron 
turn'd on the outſide for the inner cylinder or plug, and hammer'd 
iron bor'd and turn'd for the middle cylinder. | 

There is an objection, which ſeems at firſt to take off the intended 
advantage of this engine, viz. That inſtead of the friction of the 
leather of a piſton, when we lift up our barrel to force the reſiſtance 
that the mercury finds to riſe in the outer ſhell, is at leaſt as great as 
the friction that we avoid. Now that reſiſtance is never greater than 
the weight of a concave cylinder of mercury, whoſe height is the 
greateſt to which the mercury riſes in the ſaid ſhell, and the baſe is the 
area of the ſhell it ſelf. This weight in our engine is equal to 57,5 
pounds, and therefore one would think it greater than the reſiſtance 


made by the friction of a piſton. Bur if it be conſider d, that in the 


deſcent of the barrel for fucking, the mercury ſhifts immediately into 
the inner ſhell, riling to the ſame height, and till keeping the fame: 
baſe ; the aforeſaid weight of 57,5 pounds helps down the barrel, and 
facilitates the overcoming of the force of the atmoſphere, conſequent- 
ly the weight of the mercury being balanc'd,, is ao hindrance, whether 
you work with a ſingle or a double barrel. 9 97 


There remains only then the hindrance by loſs of time in the be- 


ginning of any ſtroke: but I have ſhew'd that to be but , part of 
the ſtroke. I have found that the beſt engines now in uſe generally 
loſe near 3 of the water that they ought to give, according to their 
number of ſtrokes. And Mr. Henry Beighton, an ingenious member” 
of this ſociety, having a great many times meaſur'd the water that 
8 rais*d by engines in mines, found that ſome engines loſt v, and none 


ever loſt leſs than y of what they ought to give according to the jan” 
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ber of the ſtrokes in their pumps, whatever auxiliary powers they 
were mov'd with. | | 

There is indeed another objection, but ſcarce worth notice; which 
is, thaf ſome particles of mercury will mix with the water that is 
rais'd and make it unwholeſome ; but no body that conſiders ſpe- 
citic gravity, will imagine any ſuch thing. However, to ſatisfy thoſe 
that might ſtil] apprehend it, it is to be obſerv'd, that none of the 
water that is rais'd comes near the mercury: for in the cylinder C and 
part of the elbow B, ( fig. 172.) there is always above the mercury a 
certain quantity of water that riſes and falls with the barrel, and 
never goes into the forcing pipe. The ſame happens alſo in the ma- 
chine of fig. 173. for the water having once run into the cylinder C, 
all that is rais'd afterwards comes through the forcing valve without 
coming down to the mercury. | | 
Provided care be taken to make the batrel with its plug tight, 1 
don't ſee that this machine will want repair in a long time, except 
fome of the auxiliary powers be out of order, which do not relate to 
this invention. The numbers given will ſerve to examine the truth of 
what I have aſſerted concerning the motion of the mercury: and from 
them one may make tables to ſerve to proportion theſe engines for 


raiſing any- quantity of water to any height, according to the power 
one has to apply. 
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CHAP. VII. 
Geography. Navigation. 


I. 1. — the earth is of a ſphefical figure or nearly ſuch, has been 
125 prov'd ſo often, and by ſo many unanſwerable arguments, 
that to repeat them here muſt needs be tedious to this learned ſociety. 
But as a little variation from a true ſphere (beſides the irregularity of 
high hills and deep valleys) does not hinder us from calling the earth 
a — ſo to determine what that variation may be ſince modern phi- 
loſophers are divided about it, may be a ſubject not ungrateful at this 
. YO | 
. Monſieur Caſſini ſays, That the earth is an oblong ſpheriod higher 
at the poles than the equator, making the axis longer than a dia- 
meter of the æquator about thirteen French leagues, which he de- 
*« duces from comparing his father's meaſures of the meridian from 
Paris to the Pyrenean mountains with thoſe of M. Picard; of which 
an account may be ſeen in the memoirs of the royal academy for 
*£ 11713. But having afterwards continu'd the meridian which is drawn 
thro France irom Paris to Dunkirk, he ſtill draws conſequences to 
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prove the earth an oblong ſpheroid ; but then nals the axis exceed 
<« the æquatorial diameter 34 leagues. 
« Sir Iſaac Newton makes the earth higher at the quite, * con- 


ſequently flatted towards the poles, reckoning 1 its equatorial dianie- 


« ter 34 Engliſh miles longer than the axis; which he proves from 
« the principles of gravity, and the centrifugal force cher ariſes from 
the diurnal rotation of the earth; and to confirm this mentions'ſeve- 
«« ral experiments on pendulums which have been made ſhotter, to 
e ſwing ſeconds near the æquator, than in greater latitudes.“ 

Theſe are the two opinions which have divided err and 
which we propoſe to examine here. © 
Monſieur Caffini taking the meaſures above: mention'd to be end 
enough not only to determine the magnitude of a degree of the earth, 
correſponding with a degree of the great circle of the heavens, but alſo 
to ſhew the difference in the degrees of the earth, (reckoning thoſe that 
were meaſured in the ſouth of France to exceed thoſe towards the north 
by a certain number of toiſes and feet) demonſtrates, that if the degrees 
of the earth are longer towards the æquator than the poles; the plane 
of the meridian mult be an ellipſe whoſe long axis is that of the earth. 
Here follows his firſt demonſtration. | [See the French memoirs for 
the year-1713.] 

Let BDCR fig. 178. be an ellipſe that repreſents! a miri of 
e the earth, whoſe poles B and C are at ends of the great axis BC, and 
« whoſe foci E and E are taken at pleaſure. Now to divide this ell ſe 


into degrees, that is to find ſeveral points H, I, V, ſuch that 


<« diſtance from the pole to the zenith of Wr of them ſhall be of 
any given number of degree. 

« From E one of the foe of 'the ellipſe — the line E T, fo that 
it may with the axis BC make the angle'B ET equal to the diſtance 
given from the pole to the zenith! From the: other focus F with 
<« the diſtance B C equal to the axis, drhw ah arc to cut the line 


ET at T. I fay that the line FT eve Frog: the point T to the 


focus F will cut the ellipſe at the point H 3 which te is ſuch that 
the diſtance of the por from its zenith contains given number 
* of degrees. 

Dem. From the * H ni HZ cervendieuldy? to the ellipſe 
* which will paſs through the Zenith Z; and being produc'd inwards 
vill meet the axis of the earth at O, and (by the property of the 
** ellipſe ) divide the angle EH F into two equal parts. From 
„the point H draw likewiſe H P parallel to the axis BC and di- 
rected to the pole P, ſuppos'd at an infinite diſtance. The angle 
PHZorPOZ, meaſures the diſtance from the pole to the zenith, 
« of an inhabitant dwelling _ the earth at the point H. FT is 
equal to the axis B C by conſtruction; but by the property of the 
ellipſe, BC is equal to EH + HF; taking away from both 


FE H which is common, EH will remain equal to HT. The 
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“ angles ET H, TEH will therefore be equal, and conſequently 
« each of them will be half of the external angle EHF; but the 
angle EH O is likewiſe equal to half of the angle EH F; there- 
« fore the angles T E H, EH O will be equal to one another; and 
«conſequently the lines ET and HO will be parallel to one ano- 
ther; and the angle PO Z which meaſures the diſtance from the 


pole to the zenith of the point H, will be equal to the angle 
„BET, which was by conſtruction taken equal to the given diſtance 


„of the pole from the Zenith; which was to be demonſtrated. 

No if the proportion of the longeſt diameter of the ellipſe 
BC, to E F the diſtance of the foci be taken at pleaſure, one may 
<< by calculation find all the points of the ellipſe as H, to determine 
the degrees by this analogy.. 

As FT, or BC: 

4 Is to EEK:: | 

« So is the ſine of the angle PET (the given diſtance from the 
< pole to the zenith): 1 

To the ſine of the angle E T F, or TE H: whoſe quantity 
« will conſequently. be known. This angle T E H being added to 
the angle PE T the given diſtance from the pole to the zenith of 
«© the point H, will give the quantity of the angle BE H, which. a 
«* line drawn from the focus to H the point requir'd makes with the 
axis of the ellipſe. | ne oke 
Then in the triangle E HF whoſe fide EF is known, as well 
< as the angle EH F which is the double of the angle T E H, and 
the angle F E H ſupplement of the angle BE H; one ſhall have 
*< the length of the ſide E H known in parts of the axis B C. 

After the ſame manner may be found the angles BE IL, BEV, &c. 
and the length of the lines EI, EV to determine the diſtance from 
the pole to the zenith, of all, the degrees of the circumference of 


the earth; and. in the rectilinear triangles HEI, IE V whoſe ſides 
< HE, EI, EV, are known as well as the angles comprehended be- 


« tween the ſides HE, E I, IE, EV, which are the differences of 
* the angles B R H, BEI, BEV determin'd above; one ſhall 
*© find the length of the chords HI, IV, comprehended between 
each degree; in | 

Monſ. Caſſini in the memoirs- for the year 1718 repeats the ſame 
demonſtration; except that before it he ſhews that if ſeveral points 
be taken.upon a terreſtrial meridian on the ſurface of an elliptic earth, 
as G, H, I. X, fig. 179. in ſuch. manner that their reſpective zeniths 
Z, L, M, N are diſtant from ane anather an equal number of degrees 
meaſur*d in a. celeſtial meridian. The lines Z G, LH, MI, NK 
(which are perpendicular to the ellipſe) being produced will meet in 
the points O, R, and 8, making equal angles; but as thoſe angular 
points are not equally diſtant from the curve of the ellipſe, that 
elliptic are muſt. be the longeſt whoſe angular point is fartheſt off 


3 Now. 


© AqQtS KM A  u« 


Chap. VII. Of the figure of the Earth. 323 


Now by the former demonſtration it appears, that thoſe arcs which 
are taken neareſt to the leſſer axis will have their angular points farther 
remov'd, &c. | | 
If Monſ. Caſſini's meaſures of terreſtrial degrees decreaſing from 
the equator towards the pole were grounded on obſervations liable to 
no error, he wou'd have fully prov'd his figure of the earth. But 
ſince thoſe meaſures (however accurately taken) are not built upon a 
mathematical certainty, his premiſes may be call'd in queſtion, and 
his concluſion though mathematically drawn from theſe premiſes is 
only probable. oh 
Now therefore if I can ſhew from undoubted phenomena, that his 
concluſion will lead to an abſurdity, his meaſures muſt be falſe ; be- 
cauſe his reaſoning from them is juſt. This I ſhall endeavour to do 
firſt, which will diſprove his figure of the earth; and afterwards endea- 
vour to point out ſome of the errors which I ſuppoſe to have occaſion'd 
the miſtake in the meaſures. | 
Monſ. Caſſini as well as the Engliſh aſtronomers, believes that the 
earth makes one revolution about its axis once in 23 hours 56', becauſe 
) in that time the plane of any meridian returns to the fame fix*d ſtar 
f from which it had departet. 02077" do run 
« Let H be taken in any parallel of latitude as for example in the la- 
C titude of 51* 46', a plumb line LH will he perpendicular to the 
curve BH at H, and produced paſs through the zenith of the point 
, if the earth had no diurnal rotation; but ſince the earth moves 
round its axis, all bodies upon its ſurface endeavour to fly from the axis 
e of their motion with a force proportionable to their diſtance from it 
in a direction along the plane of that parallel in which they are. Let 
Fo that force (explain'd by Monſ. Huygens, and called a centrifugal 
” force) be repreſented by the line Hor its equal and parallel L; 
of now a plummet placed at L, if the earth ſtood ſtill, would deſcend 
_ la the line LH, but as it is at the ſame time acted upon by the force 
# Hin the direction L, it will move in the direction LI diagonal of 
of the parallelogram Hi, according to the known laws of mechanics; 
1 and the plumb line L H inſtead of being perpendicular to the curve 
at H, will in the latitude 51* 46 make an _ of 5* with HL. 
This angle will be leſs towards the poles, till at the very pole it quite 
ne vaniſhes as it alſo does at the equator. ' Now ſince there is no ſuch 
* angle obſerv*d but in all water levels we find the plumb. line 5 
perpendicular to the line of level, the ſurface of the earth muſt 
m8 depreſs*d towards G, and riſe farther from the axis towards I, in or- 
der to become perpendicular (that is to have its tangent perpendicular) 
to the line L /, in which we have ſhewn that the plumb line muſt 
= deſcend, 
ar If there is any body ſo fond of Monſieur Caſſini's hypotheſis as to 
ut deny the diurnal motion of the earth for the ſake of it, * they 
"1 will be convinc'd, when I ſhew the + upon which it is founded 
; t 2 
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to be ſufficient for determining the, different lengths of the degrees of 
of a terreſtrial meridian... 1 of 

But here I would not be thought to endeavour to leſſen the praiſe 
due to the gentlemen of the Royal Academy, for carrying on a me- 
ridian the whole length of France, from Dunkirk through the 
royal obſervatory, at Paris quite to the Pyrenzan mountains on the 
borders of Spain. Aſtronomy and Geography are doubtleſs much in- 
debted to the encouragement given by the French government, and to 
the care of their mathematicians, who have omitted no proper method 
ſor drawing their meridian, and correcting it as they went on. So 


many obſervations of the riſing and ſetting ſun, ſo many equal alti- 


tudes of the ſame ſtars accurately taken, ſo many digreſſions of ſtars, 
ſo, many other obſervations made with the teleſcope and good pendu- 
lum clocks all compar'd together for, the true ſettling of the direct 
way of this famous meridian, leave no doubt but that it is as perfect as 
the nature of the thing is capable of. And certainly by the help of 
this line, and the ſeveral triangles made uſe of for carrying it on, a 
better map of France is made, than has ever been of any country be- 
foro: nay beſides I believe we may at a medium very well receive their 
number of 57060 or 57061 toiſes for the meaſure of a degree of a 
meridian of the earth, one with another. But to ſay that thoſe gen- 
tlemen cou'd obſerve the latitude fo nicely as to find a difference in the 
length of the terreſtrial degrees, and that only of eleven or twelve 
toiſes (when they made it the leaſt )' or of, thirty-one toiſes, (When 
they made it the moſt) is attributing /to them an exactneſs, ſo far be- 
yond the nature of the inſtruments which they made uſe of, that it 
woy'd be rather a diſpraiſe than a commendation to inſiſt upon it. 
For in the firſt place, the inſtrument, with which they took obſer- 
vations for the latitude at the two ends of their meridian, was a ten 
foot ſector (which was worſe than that which Monſ. Picard had made 
uſe of before, becauſe the teleſcope of his ſector was of ten foot, 
whereas Monſ. Caſſini's was but of three foot though applied to the 


ten foot ſector) Where the two hundredth part of an inch anſwers to 
eight ſeconds of a degree: now the, two hundredth part of an inch be- 


ing one of the leaſt viſible parts that we can ſee in a divided line; they 
could not take an angle nearer than that; nay their inſtrument accord- 
ing to their own deſcription of it, was divided but to every twenty 
leconds. - No they allow that ſixteen toiſes upon the ſurface of the 
earth, anſwer to one ſecond in the heavens; and they don't pretend 
to have taken an obſervation nearer than to about three ſeconds, which 
therefore. cannot determine a difference leſs than forty eight toiſes; 
whereas the degrees are only ſuppoſed to decreaſe at moſt thirty one 
toiſes each, from Collioure to Dunkirk. But an error of eight 
ſeconds wou'd make a difference of one hundred and twenty eight 
toiſes on the ſurface of the earth; above ten times greater than che 
ditference of degrees in the firſt ſuppoſition, and four times * 
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than that difference in the laſt, Beſides the latitude was not obſei v'd in 
the intermediate places between Paris and Collioure, with the above- 
mention'd inſtrument of ten foot radius; but they made uſe of a 
quadrant whoſe radius was only thirty nine inches, and ſometimes an 
octant of three foot radius. Nay they ſay themſelves in their account, 
that it is not the obſervations made at the ends of the meridian that 
we are to deduce the difference of the length of a degree from, bur 
the altitudes taken at ſeveral places between the extreams ; and if we 
grant that they can take an angle very well to four or five ſeconds with 
the great inſtrument, they cannot come nearer than twelve or fifteen 
ſeconds with the quadrant or octant, which we muſt depend upon for 
the difference of the meaſure of degrees: ſo that upon the whole, we 
are to determine a length of thirty one toiſes by an inſtrument which is 
liable to err above two hundred. 

If any conſequences of this kind cou'd be drawn from actual mea- 
ſuring, a degree of latitude ſhou'd be meaſur'd at the æquator, and a 
degree of longitude likewiſe meaſur*d there; and a degree very nor- 
therly, as for example, a whole degree might be actually meaſur'd 
upon the Baltick ſea, when frozen in the latitude of ſixty degrees. 
There according to Monſ. Caſſini's laſt ſuppoſition a degree wou'd be 
of 56653 toiſes, whereas at the æquator, it wou'd be of 38019 toiſes, 
the difference being 1364 toiſes, about the two and fortieth part of a 
degree, which muſt be ſenſible; and likewiſe the degree of longitude 
wou' d according to him be of 56817 toiſes, leſs by 1202 or the forty 
cighth part than a degree of latitude at the ſame place. 

But here it may be objected that though the latitude was not taken 
with the ten foot ſector in the intermediate places between Paris and 
Collioure, yet the latitude was taken with that inſtrument at Dun- 
kirk, Paris, and Collioure, and therefore the ſouthern part of the me- 
ridian containing 6* 18' 56” may be compar'd with the northern part 
of it, which contains 2* 12' 16”; and that the former appears to con- 
tain more. toiſes in proportion to the difference of latitude at its ex- 
tremities, than the latter. To this may be anſwer'd that even in this 
caſe the obſervations made cannot be nice enough to determine the 
difference of the length of degrees; but there is another error which 
might conſiderably miſlead the French gentlemen, and make the de- 
grees appear longer in the ſouth of France; that is the error in taking the 
true height of ſeveral mountains in Auvergne, Languedoc, and among 
the Pyræneans. For if they have allow'd too much for the air's re- 
fraction ( which by the obſervations of travellers is greater towards the 
northern regions and diminiſhes as we go ſouthward ) the heights of 
thoſe mountains will be taken too little, and their baſes conſequently 
longer, which will make the degrees appear bigger than they are. 
Let ABCD, fig. 180 for example, be a mountain, as the mountain 
of Rodez in the latitude of 44* 21', whoſe height BD is 300 toiſes, 
and whoſe ſides AB and BC ( ſuppos'd to make an angle of 26* 39' 


with 


Fig. 180. 
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with the horizon) are found by trigonometry, to be of 6708 roiſes 
each z if by a miſtake in taking the height, it be ſuppos'd only equal 
ro ED or 257 toiſes, then the lines AB and BC will become EF and 
E G; ſo that the baſe A C which before was of 1200 toiſes, will become 
equal to FG, which will appear to be 1279, 6 toiſes, Dy Eucl. 47. 1. 


Now one ſuch miſtake in one degree, will give a difference above 
twice as great as the ſuppos'd difference of degrees in that latitude, 
which they make of 31 toiſes. And that there was a miſtake of this 
kind in taking the height of that mountain I ſhall ſhew. 

The vapours that generally float in the air about the tops of high 
hills make it ſo difficult to take their height exactly, that experiments 
made with the barometer will by obſerving the fall of the mercury, 
ſhew the height nearer than any thing elſe we know of. There were 
indeed ſeveral experiments made with the barometerf, where the diffe- 
rences of the height of the mercury, from the heights at which it ſtood 
at the royal obſervatory are ſaid to anſwer to ſo many toiſes; but of 
nine obſervations mention'd by M. Caſſini there are not two where the 
number of toiſes ſaid to correſpond to the heights of the barometer, 
do agree together. 

The firſt experiment of the barometer there mention'd made at Col- 
lioure was this, ©* At the height of 11 2 toiſes above the ſea the baro- 
«© meter was ſet up, and the mercury ſtood 3 lines higher than at 
the royal obſervatory (in the tower of the eaſtern hall) at the ſame 
time; and therefore ſince that tower is 44 toiſes higher than the ſea, 
5 3 7.lines of mercury muſt anſwer to 32 + toiſes.“ | 

Now reducing theſe toiſes to feet and dividing by 3 7 it will appear 
that an height of 58,5 feet will anſwer to the fall of one line of mercury 
in the barometer. Let this be taken as the ſtandard, and the other 
obſervations be compared with it. This may be done by the follow- 
ing table where the firſt column ſhews the place where the obſervation 
was made; the ſecond the fall or riſe of mercury at each place expreſsꝰd 


in lines or 12th parts of a French inch; the third the heights or depths 


anſwering to thoſe lines of mercury, which in the memoirs are given in 
toiſes but here reduced to feet; the fourth the number of feet anſwer- 
ng to one line of mercury in each obſervation, which is the quotient 
of the feet in the third column divided by the number of lines in the 


ſecond, 
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Obſervations of the baro- | lines of | Said to corre- The fall of one line 

meter made at Mercury. ſpond with] of Mercury an- 
cet. | ſwers to feet. 

I. Collioure: - - - - - - 03 F 195 58,5 

II. The tower of Maſſane.| 31 > 2482 76,8 

III. Bugara - - - - - | 42 3636 86,5 

IV. Rupeyroux - - - - | 30 22281 ; 72,7 

V. Rodez - - - - - - - 24 1647 68,6 

VI. Rodez - - - - - - 20 1425 71525 

VII. Courlande - - - - 54 4812 i 89,r 

VIII. Cofte - - - - - - „„ N 92,4 

IX. Clermont - > - - - | oF | 200 | 66,6 


A ſight of this table will convince- any one that theſe obſervations: 
are not to be depended upon for determining the height of the moun- 
tains in the ſouth of France; for the differences are not ſmall, ſuch as 
might happen in making the experiments, but ſuch as render the obſer- 
vations uſeleſs for the purpoſes above mention'd. For example, the 
firſt and the ſeventh differ almoſt ; and if 58,5 feet were allow'd for 
the fall of one line of mercury in the ſeventh obſervation; inſtead of 
944 feet, then the mountain of Coſte would be but 3085 feet, inſtead 
of 4890. Nay upon examining the memoirs, I find that in ſeveral ob- 
ſervations the number of toiſes ſaid to correſpond to a certain height of 
mercury,. are only anfwerable to the height of the mountain above the 
level of the ſea found by trigon from which the height of the 
royal obſervatory above the ſea is ſubſtracted; tho? by the manner of 
the expreſſion a curſory reader would imagine that the number of toiſes 
nam'd was always proportionable to the fall of the mercury, and think 
all the experiments and obſervations very accurately made, when they 
leem to agree ſo well in every reſpect. 

Now atter all I do not queſtion but that the height of the barometer. 
might be as it is ſet down in the memoirs, and well enough obſerv'd ; 


but it-was wrong to compare the height of the mercury in the ſouth of 


France with the height that the mercury was at in the barometer of the - 
royal obſervatory at the ſame time; for at that great diſtance and diffe- 
rence of latitude, the weather (and conſequently the preſſure of the air 
and height of the barometer at the ſame level) might very much vary. 

Even when there is fair weather all over France, it does not follow 
that the barometer ſhall ſtand at the ſame height. Let us ſuppoſe, for 
example, that a north wind blows ; wherever the air: is check'd by a 
chain of mountains that run caſt and weft, it will be accumulated over 
thoſe mountains, and conſequently preſs more as its columns are higher, 
which will make the mercury riſe higher than it would do with the ſame 
wind if there were no mountains, or if they ran north and ſouth. 
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The way to have made the experiments with the barometer exactly 


would have been to have obſerv'd the height of the mercury at the bot. 
tom and at the top of the mountain, and that with a tube of a pretty 
large bore (with a proportionably large ciſtern for the ſtagnant mer- 


cury) becauſe in a ſmall tube the mercury will often ſtick to the ſides, 


and riſe irregularly, as it will alſo in inclin'd barometers. Simple ba- 


rometers are the beſt, and a magnifying glaſs may be made uſe of to 


obſerve ſmall riſes or falls, having two fine and well made indices to 


the tube. 


Dr. Edmund Halley our royal aſtronomer has ſome years ago given | 
us in the phil. tranſ. Ne 181 Þ the falls of mercury in the barometer,cor- | 
reſponding with the heights to which the barometer muſt be carried to | 
produce thoſe falls. The firſt tenth part of an inch in the fall of | 
the mercury he makes to anſwer to an height of go feet; the next 
tenth to an height ſomething greater, and fo in proportion as the air | 
diminiſhes in denſity and according as we riſe in height. The pro- 
portion of the firſt tenth of the mercury's fall he has built upon the | 
compariſon of the different ſpecific gravities of air and mercury; and 
taking mercury to be 13 + times heavier than water, and water (in | 
cold weather) to be 800 times heavier than air; it follows that 13, 5 x | 
800 will give 10800; which number if it be taken in feet, and divi- 
ded by 120 (the number of the 1oth of an inch in a foot) we ſhall have | 
9o feet anſwerable to the 1oth of an inch, and 75 feet to a line or the 


12th part of an inch. | 


Now as very few mountains in the world are 3 miles high, and ge- 
nerally ſpeaking thoſe that we look upon as high hills (except the 


Andes and ſome others in America) are not much above a mile high, 
we may for finding the height of mountains take a fix'd number of 


feet in altitude to anſwer to every 10th or 12th of an inch in the fall 


of the mercury; becauſe 90 feet are by Dr. Halley only taken for the 


firſt tenth, and greater heights for other tenths increaſing with the 


tall of the mercury. Therefore I would propoſe another for a round 
number, namely 96 feet for every tenth and 80 feet for every 12th of 
an inch, very near the number that I have found by my calculation 

Fine mercury (ſuch as is made uſe of in barometers) is generally 
ſpeaking 13 times heavier than water; and I found ſome brought 
from the Eaſt-Indies to be 14 times heavier. I have found air in ſum- 
mer to be near goo times lighter than water and 800 times in winter; 
therefore I take 850 at a medium. Now 850 Xx 13+ = 11606,6, which 
divided by 120 gives 96,7 feet for 2- of an inch of mercury, or 80,5 
feet for tr of an inch. This number taken invariable, will in taking 
the height of ſeveral hills agree pretty well with-the numbers that 
come out when Dr. Halley's table is made uſe of, and with the expe- 
riment made by the late profeſſor Mr. J. Caſwell, who having taken 
the height of Snowdon hill in Caernarvonſhire very accurately, and 


finding 
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finding it to be 3720 feet above the level of the ſea, try'd how much 
lower the mercury would ſtand in the barometer upon that hill than at 
the level of the ſea, and obſerv'd it to ſubſide 3,9 inches. I am ſenſible 
that it will be alledg'd that the air will be denſer than I may imagine 
on the top of high hills becauſe of the great cold, ſince they are ge- 
nerally cover*d with ſnow ; but then we are to conſider that when we 
are got above a mile higher than the level of the ſea, the incumbent 
atmoſphere has loſt almoſt a gth part of its weight; and therefore the 
air at the top of the hill being ſo much leſs preſs'd, will notwithſtand- 
ing the intenſe cold be more rarified than at the bottom of the hill. 

Now if we go back to the obſervations of the barometer made by the 
gentlemen that drew the meridian in France, we ſhall find that on the 
mountain of Rhodez in the latitude of 44* 21' the barometer fell 24 
lines below the level of that in the obſervatory, and they allow'd only 
274 7 toiſes to correſpond to that fall; whereas according to Dr. Hal- 


ley's proportion of a tenth of an inch for go feet they ſhould have taken 


300 toiſes; and tho' the hypotenuſes AB and BC were taken longer 
than-the bare declivity of. the mountain (which would make the error 
leſs than the 79 toiſes I mention'd above) yet if my proportion be made 
uſe of, viz, of 80 feet for each line of mercury, that will make the 
mountain 320 toiſes,- which being higher will therefore ſhew the baſe 
to be yet ſhorter, and conſequently the error at that rate will be 
greater ene 36 er 

This error (and ſuch like if any more were made) will increaſe the 
meaſure of the 44th degree of latitude on the earth; and by obſerving 
what was done in the next degree, we ſhall find that that degree was 
taken too ſhort.: In the latitude of 45* 38' the mountain of Coſte is 


made 815 toiſes high; whereas the 54 lines of the falling mercury in 


the barometer ſaid to anſwer to that height will give but 70g, 6 toiſes 
(which we will call 705,5) even according to my computation of 80 
feet to a line which is the greateſt allowance. If we ſuppoſe this moun- 
tain to riſe in an angle of 26 3 3' as we did that of Rhodez, the ſides of 
the mountain or hypotenuſes AB and B C 
to 1577,54 toiſes, and the whole baſe AC to 2822 toiſes. Now when 
the height of this mountain is call'd 8 15 toiſes, the baſe AD or DC 
(by Eucl, 47. 1.) becomes only equal to FD or DG = 1350,7 toiſes 

and its double or FG the whole baſe will be but 2701, 4 toiſes, len 
than the former by 120, 6 toiſes. This error is ſo great (ſo much more 
than the difference of 31 toiſes for a degree) that tho? I ſupposd the 
lines found by trigonometry which terminate at the top of the moun- 
tain to be much longer than the hypotenuſe A B, yet there will be 
error enough to make the 45th d of latitude appear much ſhorter 


than it is. Suppoſing (becauſe of the length of the lines A B, or the 
great diſtance from which the mountain might be obſerv'd) that theſe 
errors were four times leſs than I made them, yet at that rate one 
muſt add near 20 toi ſes to the 44th degree of latitude, and take away 
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above 30 from the 45th degree, which will make the 44th of 57080 
toiſes, and the 45th of only 57030, and this will give a difference of 
50 toiſes; ſo that if an angle can be taken to two or three ſeconds, to 
which 32 or 48 toiſes are ſaid to anſwer upon the furface of the earth, 
ſuch a difference might be viſible. —— And much more ſo if other 
errors of the ſame kind ſhould happen to have been made the ſame 
way; or if thoſe errors were nearer my firſt ſuppoſition than this laſt. 
Nay tho? the 45th degree of latitude may be 13 toiſes bigger than the 
44th, it might by this means appear to be conſiderably lefs. 

Such a miſtake might be the occaſion of making the hypotheſis of 
the earth being an oblong _—— eſpecially becauſe in this hypo- 
theſis the degrees differ moſt in length from one another about the 
45th degree; and when once an hypotheſis is ſet on foot we are too 
apt to draw in circumſtances to confirm it; tho* perhaps when exa- 
min'd impartially, they may rather weaken than ſtrengthen our hypo- 
theſis ; otherwiſe the author of the hiſtory of the royal academy for the 
year 1719 would not; have alledg*d, that the late M. Caſſini obſerv'd 
Jupiter to be oval as a proof of young M. Caſſini's hypotheſis ; be- 
cauſe Jupiter is oval the other way, that is an oblate ſpheroid flatted 
at the poles, as the ſaid. late M. Caſſini gave the proportion of the axis 
to the æquatorial diameter to be as 15 to 16. And our late in- 

enious aſtronomer the reverend Mr. Pound with a teleſcope of 123 
Hot focus and an excellent micrometer has given thoſe proportions' as 
11 to 12. If a proof is to be drawn from analogy, or what is obſery'd 
in other planets, this muſt deſtroy M. Caflini's hypotheſis and cou 
Sir Iſaac Newton's. | 

The opinion of Dr. Burnet (the theoriſt) quoted i in the memoirs for 
the year 1713, is but a very weak argument in favour of M. Caflini's. 
hypotheſis on account of the reaſon Dr. Burnet gave to oO the earth 
higher at the poles than the æquator; for he fs, *'T That the velocity 
of the parts of the earth in its diurnal rotation ws, & greater at the 
«© #quator than, towards. the poles, all the water muſt be driven to- 


_ *© wards the æquatorial regions; from whence being repelPd by the 


<« reſiſtance of the air, it muſt run off again towards the poles; and 


* ſo the figure of the water was lengthen d out into an oblong ſphe- 


«« roid,- and conſequently the cruſt of wie: rag. ws Du Put on che 
« fame: figure, ce. 1 


But why the air ſhould reſiſt more. 8 the mquator chm the 


poles the Doctor did not give any reaſon to ſhew ; and if it had been ſo, 


the ſame force that drove the water towards the equator muſt have 


kept it there. The Doctor in the latter part of his aſſertion forgot 


what he had ſaid in the former; for the water could not run off to- 


wards the poles whilſt the earth continued its rotation with the ſame 
rey: 05 or if he had confider'd he would have found his 3 
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n other words to be this. Becauſe bodies that move in a circle al- 
«« ways endeavour to recede from the axis of their motion, therefore 
the water by that endeavour comes nearer to the axis of its motion; 
which is abſurd. But Dr. Burnet afterwards alter'd his opinion as I am 
credibly inform'd. 
Having thus given my reaſons for diſapproving of M. Caſſini's opi- 
nion concerning the figure of the earth, T come now to conſider Sir 
Iſaac Newton's,, who makes it higher at the æquator than at the poles; 
but before I enter upon it I beg leave to quote a paragraph out of 
the hiſtory of the royal, academy for 1713. Theſe are the words of 
the author. ** Reaſonings drawn from the different lengths of a pen- 
ͤädulum in different climates or from the inequality of the centritugal 
force ariſing from the diurnal motion of the earth, are perhaps too 
** nice to produce a certain conviction; nay perhaps we are not well 
enough aſſured of the principles, and the conſequences may ſome- 
times be different. And therefore it is evident that the beſt way 
* 1n this enquiry is only (as M. Caſſini does) to make uſe of unque- 
* ſtioned obſervations, which ſerve directly to decide the queſtion.” 
That M. Caſſini has not made uſe of unqueſtion'd obſervations, and 
the meaſures he mentions are not able to decide the queſtion, appears 
from what I have already ſaid. We muſt therefore ſhew whether the 
principles from which Sir Iſaac Newton has deduced his figure of the 
earth are fully prov'd or not; whether the concluſion drawn from them 
is plain and evident, and whether the experiments on pendulums that 
confirm the theory are eaſy to be made and may be depended upon. 
Though Sir Iſaac Newton in his Principia has not endeavour'd to 
give the cauſe of gravity, or to determine whether it be owing to an 
impulſe or not, yet he has ſhewn what its effects and laws are from 
plain experiments made by others and himſelf. From the laws of gra- 
vity and from the obſervation of a comet Þ he has deduced the annual 
motion of the earth ; and it muſt have a diurnal motion if it has an an- 
nual one, otherwiſe it will not agree with the phænomena. The laws 
of the centrifugal force or that force by which a body whirl'd round 
in any circle endeavours to recede from the center of its motion have 
been demonſtrated by M. Huygens. 
| We: O W the figure of ho earth is deduc'd from the laws of gra- 
vity and centrifugal force is very well ſhewn by the lar- 
Savilian profeſſor of aſtronomy Dr. John Keill, in a book that he wrote 
in the year 1698 againſt Dr. Burnet's theory of the earth; and there- 
fore I ſhall tranſcribe from him what he has ſaid upon that ſubject, be- 
cauſe otherwiſe I ſhould only ſay the ſame thing in other words. 
I own indeed that he has made a miſtake in that book concerning 
the meaſure of the degrees of an ellipſe ; but I find that all that relate 
| 1 + Princip. lib. 3. 115 12, 13, & 42. | 
u 2 to 
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to the oblate ſpheroidical figure of the earth is right; and the little dif. 
ference of taking 15 Paris 1 for the ſpace that a body falls thro? in a 
ſecond, inſtead of 15 feet 1 inch and 2 lines, and a number of feet a little 
leſs than true, for the diameter of the earth (which was not ſo well 
known at that time) will no way invalidate his demonſtration and 
proof. Here follow his words. 
To prove the earth to be higher at the æquator than at the poles, 
% will ſuppoſe firſt that at the beginning of the world the earth was 
fluid and ſpherical ; but afterwards God almighty having given it a 
© motion round its own axis, all bodies upon the earth would deſcribe 
seither the æquator or circles parallel to the æquator, and by con- 
* ſequence all would endeayour to recede from the center of their 
„motion. | 1 og ae IH 
It is to be here obſerv'd that if a body doth freely revolve in a 
circle about a center, as the planets do about the ſun, that its cen- 
<< tripetal force (or that force by which it is drawn towards the center) 
is always equal to its force by which it doth endeavour to recede 
from the center; for the force which detains a body in its orbit muſt 
* be equal to the force by which it endeavours to recede from its orbit 
s and fly off in-the tangent. This may be clear by the example of a 
* body turn'd round a center by the help of a thread which detains the 
* body in its orbit; the thread being ſtretch*d by the motion of the 
„ body will endeavour to contract itfelf equally towards both ends, 
*© by which it will pull the center as much towards the body as it doth 
the body towards the center. 
LNo this centrifugal force is always proportional to the periphery 
*© which each body deſcribes in its diurnal motion by the firſt theorem 
of Hugenius de vi centrifuga ; ſo that under the æquator which is 
the biggeſt circle the centrifugal force would be greateſt, and tilt 
grow leſs as we approach the pole where it quite vaniſheth there 
<< being there no diurnal rotation. And without doubt all bodies ha- 
ving this centrifugal force, by which they endeavour to recede from 
the center of their motion, would fly off from the earth if they were 
not kept in their orbit by their gravity, or that force by which they 
are preſs*d towards the center of the earth, which is much ſtronger 
upon our earth than the centrifugal force, and becauſe the gravity 
upon the furface of the earth is always the fame; but the centri- 
fugal force alters and grows leſs the nearer we come to the poles, 
it is plain that the gravity under the æquator having a greater force 
to- oppoſe it than that which is near the poles will not act ſo ſtrongly 
in the one place as in the other, and conſequently bodies wilt not 
be ſo heavy under the æquator as at the poles. . If the circle 
fig. 182. EPO repreſent the earth A Q the zquator and PP 
the poles, if C be a body in the zquator, it is evident that it wilt 
* be pull'd by two contrary forces; namely that of its gravity which 
pulls it towards the center, and that of its centrifugal force which 
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pulls it from it. Now if both theſe forces were equal it is evident 
it would go neither of theſe ways; but if one were ſtronger than 
the other, it would move where the ſtrongeſt force pulls it, but 
only with a velocity which is proportional to the differences of 
theſe two forces, and therefore it would not deſcend fo faſt as if 
there were no centrifugal force pulling againft it ; that is a body in 
the #quator does preſs leſs towards the center than at the pole, 
« where there is no centrifugal force to leſſen its gravity. Bodies 
«+ therefore of the ſame denfity are not fo heavy in one place as in 
«© the other. 

„Now in a ſpherical fluid, all whoſe parts gravitate towards the 
center, I think it is evident from the principles of hydroſtatics and 
& fluidity, that all thoſe bodies which are equally diſtant from the 
* center muſt be equally preſs'd with the weight of the incumbent 
fluid, and if one part come to be more preſs'd than another, that 
* which is moſt preſs d will thruſt that out of its place which is leaſt, 
“till all the parts come to an æquilibrium one with another; and this 
* is known by a common and eaſy experiment, if you take a recurv'd 
* tube fig. 183. and fill it with water or any other fluid, it will riſe 
e equally in both legs of the tube, ſo that the ſurfaces CE and FI 
are equally preſsd by the incumbent columns B CE D and GFIH, 
«but if one of the legs of this tube ſhould be fill'd with oil or ſome 
other lighter fluid, and the other with water, the lighter fluid will 
« riſe higher than the other, for otherwiſe theſe ſurfaces which are 
* equally diſtant from the center would not be equally preſs'd. 

“ Juſt ſo if PAEMPS fig. 184. repreſents a fluid ſphere which we 
« may imagine compos'd of a great many communicating canals or 
© tubes the fluid in every one of which preſſes upon the center; now 
if the fluid in every one of theſe tubes was of equal weight or gravity, 
it is plain that by that means they would be alſo of an equal height 
from the center; for by that means only would the center be equally 
{© preſs*d by the weight of all the tubes; but if the fluid in the canal 
A OM were lighter than the fluid in the canal POS, it is plain 
that in this caſe the fluid POS preſſing more on the center than the 
* fluid in the canal EO M, the ſurface of the fluid E OM will riſe 
eto a greater height or diſtance from the center; ſo that by its great- 
* er height which recompenſes its leſſer gravitation, it will preſs equal- 
ly upon the center with the fluid in the canal POS. Aſter the ſame 
manner fig. 185. if the fluid in the canal G OH were heavier than 
the fluid in the canal OM, but lighter than that which is in POS, 
then would the canal GOH be ſhorter than O M but longer than 
** POS, and the figure compos'd of all theſe tubes would be in the 
form of a ſpheroid which is generated by the circumrotation of a 
** ſemi-ellipſis round its axis; but as I have already ſhown, that if 
AON repreſent the ſemidiameter of the æquator, that all bodies 


„un it are lighter than in POS the axis of the æquator (we take the 
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diameter and axis here not as pure mathematical lines, but as ſmall 
c canals or tubes) and juſt ſo thoſe bodies which are in the tube GO H 
% have prov'd to be lighter than thoſe in P OS, but heavier than the 
4 bodies which are in A OM, the centrifugal force in GH being leſs 
© than that which is in ZE M, and there is no centrifugal force in the 


Lay 


' <<. poles PS. It is plain therefore that the tube EO M will be longer 


e than GOH, and GOH will be longer than POS, that is the dia- 
<* meter of the æquator will be longer than the axis of the earth, and 
ce conſequently the figure of the earth will be after the faſhion of a 
<< broad ſpheroid, which is generated by the rotation of a ſemi-ellipſis 
© round its leſſer axis. This I hope will be ſufficient to convince the 
< theoriſt of the falſeneſs of his own aſſertion, ſince it is plain demon- 
ce {tration that an earth form'd from a chaos muſt have a very different 
«© figure from what he ſuppoſes it had. _ 

But I will now proceed farther and enquire how much the gra- 
„ vity is diminiſh'd at the equator or any other parallel by the cen- 
* crifugal force which all bodies acquire by being turn'd round the 
<< earth's axis, that from thence we may endeavour to determine what 
% proportion the diameter of the earth's æquator has to its axis; to 


* calculate which, I will firſt ſuppoſe that the mean ſemidiameter of 
c the earth is 19615800-Paris feet according to the late obſervations 


6 of the French mathematicians, and ſince the earth turns round its 
© axis in the ſpace of 23 hours 506', for in that time the ſame meri- 
<< dian returns to the ſame immoveable point of the heaven again 
«© (but the ſun in the mean time ſeeming to be mov'd a degree accord- 
<« ing to the ſeries of the ſigns, is the cauſe why there are four mi- 
„ nutes more requir'd before the meridian can overtake him) from 
<< thence it follows, that a body under the equator moves through 
«© 142,688 feet in the ſpace of one ſecond of time. Now accord- 
<< ing to the theorem given us by Sir Iſaac Newton in his philoſoph. 
«© nat. princip. math. ſchol. prop. 4. lib. 1. the centrifugal force 
force of any body has the ſame proportion to the force of gravity, 


that the ſquare of the arch which a body deſcribes in a given time 


* divided by its diameter, has to the ſpace through which a heavy 
„ body moves in falling from a place in which it was at reſt in the 
«© ſame time; and ſuppoling a heavy body falls 15 foot in a ſecond 
aof time, by calculation it will from thence follow, that the force of 
„ gravity has the ſame proportion to the centrifugal force at the 
„ equator, that 289 has to unity; and therefore by this centrifugal 
force which ariſes from the diurnal rotation of the earth round its 
axis, any body placed in the equator loſes 57; part of its gravity 
s which it wou'd have were the earth at reſt, or which is the ſame 
thing, a heavy body plac'd at either of the poles (where there is no 
** diurnal rotation,, and conſequently no centrifugal force) which 
weighs 289 pounds, if it were brought to the æquator, wou'd 
<< weigh only 288 pounds, 
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Having thus determin'd the proportion of the centrifugal force 
« at the æquator to the force of gravity, it will be eaſy from thence 
« to ſhew their proportions in any parallel; for it is compounded of 


« the proportion of one to 289, and of the coſine of the latitude to 


« the radius; for if two bodies deſcribe different peripheries in the 
« ſame time their centrifugal forces are proportional to their periphe- 
« ries, or to the ſemi-diameters of theſe peripheries, as is determined 
« by Menſ. Hugens, in his Theoremata de vi centrifuga & motu 
« circulari; but the periphery which a body in the æquator deſcribes. 
&« has its ſemi- diameter equal to the radius or ſemi-diameter of the 
« earth, and in any other place the parallels in which bodies move 
« have the coſines of their latitude for their ſemi-diameters, and there- 
„ fore it will follow that the force of gravity is to the centrifugal 
© force in a proportion compounded of the radius to the coſine of 
e the latitude, and of 289 to 1, and therefore at the latitude of 
« 51* 4& ( for example) it will be as 466 to 1. 

«© But we muſt obſerve, that it does not from thence follow, that 
% a body in that latitude loſes 775. part of its abſolute gravity, 
« which it would have were the earth at reſt. For that could not be 
e unleſs the centrifugal force acted directly contrary to the force of 
« gravity, which it doth no where but at the æquator; for let the 
« circle, fig. 186. Q E repreſent the earth, QE the diameter of 
the æquator, O its center, and let B repreſent a body which we 
« ſuppoſe to hang by the thread AB, and to be placed any where 
between the pole P and the æquator Q, and let B D be drawn per- 
e pendicular to the axis: It is plain that if the earth had had no 
« diurnal rotation, the body B wou'd draw the thread A B into the 
* poſition A C, ſince by that means it deſcends as near as it can to 
© the center, and there it wou'd ſtretch the thread with all the force 
* of its gravity 3 or if we will ſuppoſe that the centrifugal force 
* acted according to the ſame direction A C, it wou'd then 
directly oppoſe the force of gravity, and the thread would remain 
in the ſame poſition, but it would be ſtretch'd with a force propor- 
tional to the differences of theſe two forces. 

<* But becauſe the body B turns round the center D, it will endea- 
©* your to recede from it according to the line CB, in which direction 
the centrifugal force acting, it will not directly oppoſe the force of 
gravity, but it will draw the thread from the poſition A C into the 
* poſition AB, let BG be drawn perpendicular to AC; if BC re- 
preſent the centrifugal force acting according to the direction BC, 
* 1t is equivalent (as is commonly known) to two forces, one of 
* which is as GC, and acts according to the direction CG, which 
zs contrary to that by which it deſcends to O, the other is as GB, 
* and acts according to the direction G B, which is no way contrary 
* to the force of gravity. If therefore BC repreſent the total cen- 
* trifugal force of the body B, that part of it which directly * 
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che force of gravity will be GC: from whence it follows, that the 
“ decreaſe of gravity in going from the pole to the æquator, is al- 
*© ways as the ſquare of the coſine of the latitude : for draw B H pa. 
„ rallel to the axis PP, and becauſe the triangles HCB, C D O are 
*« equi-angular, therefore H C is to CB as CO is to CD, or as Q 


is to CD, but QO is to CD as the decreaſe of gravity at Q iz 


cc 
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to the centrifugal force at C. And therefore HC is to CB, as the 
decreaſe of gravity at Q, is to the centrifugal force at C. But if 
CB repreſent the centritugal force at C, G C will repreſent that part 
of it which acts directly againſt the force of gravity, and conſe- 
«* quently. the decreaſe of gravity at the æquator is to the decreaſe of 
„ gravityatC, as HC is to GC: now HC is to GC in duplicate 
proportion of HC to CB, or of CO or CQ to CD by the 8th of 
© the 6th of Euclid, and therefore the decreaſe of gravity at NY 
to the decreaſe of gravity at C, as the ſquare of CO is to the 
« ſquare of CD, which was to be demonſtrated. 

From whence it is plain that if HC repreſent the decreaſe of 
<«« gravity at the zquator, and G C its decreaſe at C, then will GH 
<< repreſent the difference of theſe two diminutions, or the difference 
between the gravity at Q and the gravity at C; but HC is to HG 
in duplicate proportion of HC to HB, or of OC to DO; 
© that is, the decreaſe of gravity at the æquator is to its increaſe at 
„% C, as the ſquare of the radius is to the ſquare of the ſine of the 
« latitude. _ | 2 | 
By this alſo it will appear that the direction of heavy bodies 
is not to the center of the earth, as has been always ſuppoſed ; for 
if we take a heavy body and hang it by a thread, the thread pro- 
*© duced will not paſs through the center any where but at the poles 
and the æquator, for in the figure the thread is carry'd by the 
<< centrifugal force of the body B, from the poſition A C into the 
«© poſition A B where it will reſt. iy | 

Now to determine the angle C A B, which the line of direction 
„of the body makes with the line A C, let A N be drawn parallel to 
«© BC, and produce O B till it meet with it in N, and let us conſider 
the body B as drawn by three powers according to three different 
directions BO, BL and AB, the power which pulls it according 
«<<. to BO is its gravity, that which draws it according to the di- 
erection B L, is its centrifugal force, and that which acts W 
«© to AB is the ſtrength of the thread, by which the body is hinder 
*© to move according to either of the two other directions, and there- 
«* fore. it is an æquilibrium with the other two powers; but by a 
<<. theorem which is demonſtrated by ſeveral of the writers of mecha- 
s nics, but particularly by Monf. Huygens in his ſmall treatiſe 
De potentiis per fila trahentibus: if a body be pull'd by three dit- 
* powers which are in æquilibrio with one another, according 
<< to three different directions, AB, B L and B O, theſe three powers 
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« will be as the three ſides of the triangle ABN, viz. as AB, AN 
« and BN reſpectively; or as AB, BC and AC: BN being very 
near parallel, and conſequently equal to A C, ſince they 2 not 
«© meet but at a great diſtance. From hence it follows, that the force 
% of gravity 1s to the centrifugal force, as AC to BC. But a me- 
e thod has been already ſhown how the proportion of the force of 
« gravity to the centrifugal force may be determined, and therefore 
the proportion of AC to BC may be alſo determined, which at 
the latitude of 51* 46' is as 446 to 1. Therefore in the triangle 
AB C, the proportion of AC to BC is known, and the angle 
Ac being equal to the angle COQ which is ſubtended by the 
arch CQ the latitude of the place, from thence by the tables of 
<< fines and tangents, the angle BA C may be known, which in the 
* above-mentioned latitude is about 5 minutes. | 

From hence alſo it will appear that it is not the line AC, which 
being produced paſſes through the center, but the line A B that 
js perpendicular to the curve PQ, for all the particles of the 
fluid will ſettle themſelves in ſuch a poſition that their lines of dire- 
erection downwards muſt be perpendicular to the ſurface of the bo- 
* dy which they compoſe, for otherwiſe the parts of the fluid wou'd 
not be in æquilibrium one with another; and therefore although 


the lines of direction of heavy bodies do not paſs through the 


center of the earth, yet are they ſtill perpendicular to their hori- 
*© Zons; and, upon this account there could ariſe no error in leveling 
of lines, and in finding the riſings and fallings of the ground. 

Upon this account alſo it will appear that the ſurface of the earth 
is not ſpherical, for if it were, then wou'd all lines drawn from the 
center be perpendicular to the ſurface of the earth, ſince it is the 
* known property of a ſphere that they muſt be ſo; but I have 
already ſhown, that it is not ſo in the earth, and therefore it is 
<< plain, that the earth is not a ſphere. That therefore I may enquire 
more particularly into the figure of the earth, I will reſume my for- 
* mer hypotheſis, that the earth is compoſed of an infinite number of 
* canals which communicate with one another at the center, and are 
all equiponderant, of which we will conſider two, as OQ and OC, 
and let OQ be r, OD=x and DC = 5, let the abſolute 
„ gravity be 'call'd p, and the centrifugal force at the equator 7. 


OC s equal to / x* + y the weight of the canal O Q is equal tothe 
e abſolute gravity of the whole canal minus the centifugal force of 
each particle contain'd in it, and becauſe the centrifugal force of 
each particle is as its diſtance from the center, and therefore it in- 
creaſes in an arithmetical progreſſion, the greateſt of which is u, 
conſequently the ſum of all the centrifugal force is equal to 7#7 3 
e but upon the hypotheſis, that gravity is the ſame at all diſtances 
from the center, the abſolute gravity of the canal O Q is pr, and 
therefore its real weight upon the center OQ is pr - ur. 
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« After the ſame manner the abſolute gravity of the canal O C is 
« ͤ y; but the ſum of the centrifugal forces of all the 
- ds in the canal O C, is equal to the centrifugal force of the fluid 
* in CD (as may be eaſily prov'd from the conſideration of inclin'd 
<* planes). But the centrifugal force at C, being to the centrifugal 

T ns at Q, as CD is to O Q that is, as ) is to 7) the centrifugal 


* force at C will be equal to A, and becauſe the centrifugal force of 
r 
< each particle is as its diſtance from the point D, which is the center 


* of the circle that the fluid in the canal CD deſcribes, and therefore 
the centifugal forces in counting from the point D, muſt increaſe * 


| n 
in an arithmetical progreſſion, the greateſt of which is — * and 


& therefore the ſum of all the centrifugal forces in CD muſt be 
has l to —2, therefore the weight of the canal OC is 
equa mw 


e e NP pr—t1ur, [which equation expreſſes 
8 | 


* N 


the nature of the curve that is made by the ſection of the earth 
« with a plane through its poles, and by this the proportion of the 
axis of the earth to the diameter of the æquator may be eaſily de- 
«© termin'd ; for when C O coincides with OP, then CD or y becomes 
equal to nothing, and the equation is p = pr —x or 
„KN D pr Fux, and therefore by the 16 of the 6th El, p has the 
«© ſame proportion top -N that 7 has to x, or OQ to OD, but 2 
is top - 2 as 289 is to 288 1, or as 578 is to 577, which there- 
s fore 1s the proportion of the greateſt diameter of the earth to the 
leaſt; but this is upon ſuppoſition that gravity is the ſame at all 
*© diſtances ſrom the center; but if we will ſuppoſe that the gravity of 
bodies without the earth is in a proportion reciprocal to the ſquares 
« of their diſtances from the center, the gravity of thoſe bodies which 
* are within the earth, will be directly as their diſtance, both which 
do beſt agree with the obſerv'd phænomena of nature; then will 
*© the gravity at the æquator be to the gravity at the poles. as 689 
to 692, which numbers in this hypotheſis do alſo expreſs the pro- 
«© portion of the diameter of the earth drawn through its poles, to its 
diameter drawn in the plane of the æquator. | 

lt is upon the account of this diminution of gravity, according 
as we approach the æquator, that pendulums of the fame lengths 
«© in different latitudes take different times to perform their vibrations; 
* far becauſe the accelerating force of gravity is leſs at the æquator 
than under any parallel, and under any parallel it is {till leſs than 
under another which is nearer the poles ; it does plainly from thence 
* follow that a body plac'd in the equator, or in any other parallel, 
* will take a longer time to deſcend through an arch of a given 
circle, than it would do at the poles, and the farther a body 5 | 

© remoy* 
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remov*d from the poles, the longer time it will take to deſcend 
through any given ſpace. 1 85 
* From hence it follows that the length of pendulums which per- 
form their vibrations in equal times in different latitudes, are direct- 
ly as the accelerating forces of their gravities. For the time a bod 
takes to deſcend through an arch of à cycloid, is to the time it will 
take to fall through the axis of the cycloid always in a given pro- 
portion, viz. as the ſemiperiphery of a circle is to its diameter by 
the 25th prop. of Huygen's Horolog. Oſcill. and therefore when 
the times in which a body deſcends through the axes of two diffe- 
rent cycloids are equal, the times of the deſcent through the 
cycloids will be alſo equal; but when the times of the deſcent 
through the axes are unequal,” theſe axes, and conſequently the 
lengths of the pendulum which vibrates in theſe cycloids, are pro- 
portional to the accelerating forces of their gravities. 

By this if we know the length of a pendulum which performs 
its vibrations in a given time in any one part of the earth, it is 
eaſy to determine the length of a pendulum which performs its vi- 
brations in the ſame time in any other part of the earth; as for 
example, the length of a pendulum which vibrates ſeconds at 
Paris is three foot eight lines and a half, let it be requir'd to find 
the length of a pendulum, which vibrates ſeconds at the equator, 
Becauſe the gravity at the poles is to the gravity at the æquator, 
as 692 is to 689; therefore the decreaſe of gravity at the zquator 
is e parts of the whole gravity ; but as I have before demonſtra- 
ted the decreaſe of gravity at the equator is to its increaſe in any 
other latitude, as the ſquare of the radius is to the ſquare of the 
fine of the latitude; now the latitude of Paris being 48“ 45', its 
fine is 75.183, and therefore the ſquare of the radius is to the ſquare 


of the ſine of the latitude as 1000000 to 365248; but as 1000000 


is to 565248, ſo is 3.000 the number which repreſents the decreafe 
of gravity at the æquator to 1. 695, the number which repreſents 
its increaſe at Paris, which added to 689 the gravity at the æqua- 
tor, makes 690. 695, the number which will repreſent the gravity 
at Paris. But I have already ſhown, that as the gravity at. Paris 
is to the gravity at the equator, ſo is the length of a pendulum 
which vibrates ſeconds at Paris, to the length of a pendulum that 
vibrates ſeconds at the æquator, that is as 690,695 to 689, fo is 
36,708 the length of a pendulum at Paris, which performs its 
vibration in a ſecond to 36,616, which therefore is the length of a 

um which performs its vibrations in a ſecond at the equator ; 
ſo that the difference between theſe two pendulums is s parts of an 
inch, which comes pretty near the obſervations of Monf. Richer, 
who at the iſland of Cayenne, whoſe latitude is 5* oo. found that 
a pendulum which vibrates ſeconds-there, was a tenth part of an 


inch ſhorter than a pendulum which vibrates ſeconds at Paris. 
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«© Thus we ſee that the principles and hypotheſis, and withal their 
e conſequences, upon which the broad ſpheroidical figure of the earth 
„js founded, do exactly agree with obſervations, and therefore there 
is no doubt to be made, but that the earth is really of ſuch a 
figure, and that the hypotheſis upon which this figure is grounded 
% (wiz. the diurnal rotation of the earth, and by conſequence the 
<< centrifugal force of all bodies upon it) muſt be admitted for a true 
„ one; ſince the different vibrations of pendulums of the ſame 
« length in different latitudes can depend upon no other cauſe; for 
„ the change of air is not able to produce any ſuch effect, for if 
the air made really any alterations in the vibrations of a pendulum, 
it wou'd produce a quite contrary effect than what is obſerv'd ; for 

ndulums near the æquator wou'd move faſter than they wou*d do 
in places of greater latitude, the air in the one place being more 
rarified is much thinner and finer than it is in the other, and there- 
fore gives leſs reſiſtance to bodies that move in it. 

In this reaſoning we have ſuppos'd the earth to have been at firſt 
fluid as the theoriſt has done before us, but if we will put the 
caſe that the earth was firſt partly fluid and partly dry, as it is at 
5 preſent, yet becauſe we find that the land is very near of the ſame 
figure with the ſea (only rais'd a little higher that it might not be 
overflow'd ) compoſing with it the ſame ſolid, and I have already 
ſhew'd that the ſurface of the ocean is ſpheroidical and not ſpherical, 
there is no doubt to be made, but that the land was form'd into the 
ſame figure by its wiſe creator at the beginning of the world, for if 
it were othewiſe, then wou'd the land towards the æquator have 
been overflow*d with water, which as I have already prov'd, muſt 
have been higher at the æquator than at the poles; and therefore 
the ſea 2 riſe there and ſpread itſelf like an inundation upon 
all the land.” 
To make an end of this long diſſertation, let us in a few words com- 
pare the experiments and obſervations made uſe of to confirm each of 
the opinions abovementioned. | 

To prove Monſ. Caſſini's figure of the earth, we muſt take the al- 
titude of a ſtar nearer than to two ſeconds ; becaufe 2 ſeconds anſwer 
to 32 toiſes on the ſurface of the earth, and the difference of the length 

'of degrees is but 31. And what is more, we muſt take this angle 
with an inſtrument of 39 inches radius; becauſe the 10 foot ſector was 
only us'd at the ends of the two parts of the meridian. 

To diſprove Monſ. Caſſini's hypotheſis, we need only obſerve whe- 
ther a plumb-line makes an angle of 5 minutes with a perpendicular to 
the ſurface of ſtagnant waters, or lines of level. 

To prove Monſ. Caſſini's opinion the height of a great many moun- 


tains muſt be accurately meaſur'd by trigonometry, which mathema- 
ticians have always found very difficult. | 
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To prove Sir Iſaac Newton's opinion we are only to meaſure about 
one tenth of an inch in a rod of 39,129 inches; and to know what to 
allow for the lengthening of the ſame rod by the ſummer heat, when 
it is ſhut up in a caſe, and carried towards the æquator. For though 
the experiments on pendulums, made by ſeveral perſons that travell'd 
ſouthward, differ among themſelves, yet they all agree in this that 
the obſervers were oblig*d to ſhorten their pendulums, in order to 
make them ſwing ſeconds, as they went towards the æquator. And 
when we come to compare them together in order to have the exact 
proportion of length in different latitudes, we muſt rely on the moſt 
exact experimenter, which we may very well do on Monſ. Richer: 
becauſe when he found a difference, he was ſo careful to find out how 
much it was that he caus'd a ſimple pendulum to ſwing, and com- 
par*d it with a good pendulum clock, which he did ſeveral times every 
week for 10 months together; and when he return'd to France, he 
compar'd it with the length of the pendulum at Paris; which is of 3 
feet 8 3 lines (or 39, 129 Engliſh inches) and found it to be ſhorter 
by 17 line. 

I. 3. Ince my F paper concerning the figure of the earth was read 

8 before the royal ſociety, I met with a diſſertation of Monſ. 
Mairan (in the memoirs of the royal academy of Paris for the year 
1720.) wherein. the learned and ingenious author has taken a great 
deal of pains to reconcile the obſervations made on pendulums, ( found 
to be ſhorter at the æquator than at Paris, when they ſwing ſeconds ) 
with the oblong ſpheroidical figure of the earth, deduced from M. 
Caſſini's meaſures. And though upon a ſtrict examination of his 
conjectures, and what' he gives for demonſtrations, I do not find 
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reaſon to alter my opinion concerning the oblate or flatted ſpheroid, 


which Sir Iſaac Newton has ſhewn to be the figure of the earth; yet 
ſince it might be thought by. ſome who have read Monſ. Mairan's 
treatiſe, and afterwards may read mine, that I have not conſider*d all 
the circumſtances that he has done, and that I have not been exact 
enough in the mathematical part of my diſſertation, becauſe I have 
drawn ſome concluſions from ſuppoſing the figure of the earth ſphe- 
rical, when I ſhould have ſuppos'd it an oblong ſpheroid ; I beg leave 
to ſhew here wherein I think Monſ. Mairan is miſtaken, and to give 
thoſe additional proofs of my aſſertions, which I promis'd the ſociety 
when I gave in my laſt paper. Firſt then I begin with the con- 
jectures. 

: Monſ. Mairan ſays that it is as reaſonable to ſuppoſe the earth (if 
it was once fluid) to have been an oblong ſpheroid at firſt as a ſphere z 
and that in ſuch a caſe, the centrifugal force of the ſeveral parts of the 


earth, ariſing from its revolution about its axis, which might convert 


a ſphere into an oblate ſpheroid, wou'd only changean oblong ſpheroid 
into one leſs oblong. | | 


1 | 
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If the earth was at firſt a fluid, ( ſyppoſed homogeneous and of any 
given form,) and left to thoſe laws which we find to obtain at preſent ; 
it muſt put on a ſpherical figure, for the ſame reaſon that drops of 
mercury, of water, and other fluids, put on ſuch a figure. And to 
ſuppoſeany change made in that figure trom the preſſure of an external 
fluid filling up all ſpace, is contrary to what has been demonſtrated 
by Sir Iſaac — in his Principia lib. II. prop. 19. where he 
ſhews, that if any portion of a fluid be compreſs'd by the ſame or 
any other homogeneous fluid, that portion will not have its figure al- 
ter d by that preſſure. 

And indeed we ſee that in the receiver of the air-pump, lumps of 
butter, coagulated oil, or honey, drops of quickſilver or water, &c. 
have the ſame figure, whether the preſſure of the air acts upon them, 
or be taken off by exhauſting the receiver. 

That a fluid ſubſtance of any figure, will by the gravity of its parts 
become ſpherical, is plain by the following 

Dem. Let AB CDE fig. 187. be a portion of an homogeneous 
fluid, whoſe parts tend towards one another, and whoſe figure is not 


ſpherical. If in ſuch a fluid we ſuppoſe a ſyphon as ACE (or which 


is the ſame thing, if all the fluid ſhould be frozen except the canal 
ACE) whoſe legs AC and CE are unequal, and meet at C the center 
of the fluid, towards which there is the greateſt tendency ; the fluid 
will run out at A in the leg AC, till it be come down as far as g in the 
leg CE, ſuppoſing Cg equal to AC. But if the leg A C be lengthen'd 
as far as c, then the fluid will only come down as far as e in the leg CE, 
and at the ſame time riſe up to a in the leg Ca, Ca being equal to Ce. 
If ſuch another canal or ſyphon be ſuppoſed at BCD, the fluid in it 
will come down from D to d, and riſe from B to b. And ſince ſuch 
ſy phons may be ſuppoſed all over the fluid AB DE, that fluid by the 
mutual tendency of its parts towards one another muſt be reduc'd to 


the ng figure a h de. W. W. D. 


o without conſidering the unreaſonableneſs of the ſuppoſition, let 
us imagine the earth to have been an oblong ſpheroid at firſt, and then 
to have a diurnal revolution given to it which ſhould by degrees ſhor- 
ten its axis, to bring it to what Meſſieurs Caſſini and Mairan ſuppoſe 
it at preſent to be. If in ſuch a caſe the earth be ſuppoſed fluid enough 
to change its figure by the revolution about its axis, why ſhould it ſtop 
when the æquatorial diameter comes to want juſt one gõth part of the 
length of the axis, ſince two powers act upon it to ſhorten its axis, viz. 
gravity. and the centrifugal force? the firſt of which has already been 
thewn capable to reduce it to a ſphere, and the centrifugal force is 
acknowledg*d by M. Mairan to be (as Sir Iſaac Newton has prov'd it) 
at che æquator equal to c part of the-gravity there. Certainly the 
alteration of figure would not have ſtopt before the earth came to be a 
ſphere; nay and it muſt have riſen at the æquator; and how much, I 


have already ſhewn in my former paper. 
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Cnar. VII. Of the figure of the Earth. 


Again if we ſuppoſe the earth of an heterogeneous fluid before the 
diurnal revolution, the heavieſt parts would go towards the center, 
and the hghter towards the ſurface; and that way the terraqueous 
globe would alſo become a ſphere. Then if when the central parts are 
fix*d, and the ſuperficial ſtrata are ſtill fluid the earth receives a diurnal 
motion, it will rife at the æquatorial parts, and that to a greater height 
than what I have ſhewn in my former paper, where I ſuppos'd the 
earth of uniform matter. And that ſomething like this muſt be the 
caſe appears from what Sir Iſaac Newton has ſaid upon this ſubject. 
For after having ſhewn from ſuppoſing the earth of uniform matter, 
that the centrifugal force of all its parts would bring it to be 17s Eng- 
liſh miles higher at the equator than at the poles, and after having 
given a table of the proportionable decreaſe of the length of the de- 
grees of a meridian of: the earth, going from the poles to the æquator 
in ſuch a figure of the earth, with the lengths that pendulums muſt 
have to ſwing ſeconds in ſeveral latitudes ; from a compariſon of the 
lengths of pendulums (obſerv'd by different perſons to be ſhorter to- 
wards the æquator than in greater latitudes (when they ſwing ſeconds) 
he ſhews that the earth muſt be 315 miles higher at the zquator than 
at the poles; and therefore that it muſt be denſer towards the central 
than the ſuperficial parts to produce a flatted ſpheroid, where the æqua- 
torial diameter muſt exceed the axis ſo much more ; that is, be longer 
ſomething more than +37 part. Beſides in M. Mairan's figure of the 
earth, ſuppoſing the earth ſolid, the water muſt riſe at the æquator ſe- 
veral miles in height to make an equilibrium with the redundancy of 
earth above a ſphere at the poles, ſo much more matter being required 
there as the weight of bodies is leſs; and this would overflow moſt of 
the torrid zone. 

I am very well aware that it may be objected by ſuch as have read 
M. Mairan's diſſertation, and have not read Sir Iſaac Newton's Prin- 
cipia, or have not read that book with due attention — That I have 
not argu'd fairly; ſince my ſuppoſition of the water's running down 
** to the polar regions ſeems to imply a tendency that way, and there- 
fore muſt ariſe from a greater gravity at the æquator than at the 
** poles in an oblong ſpheroid ; becauſe M. Mairan has ſhewn that in 
** ſuch a figure of the earth the gravity is greater at the poles than at 
the æquator; and that I ſhould have drawn my conſequences from 
* theſe principles.” To which I anſwer that his demonſtrations about 
gravity are built upon wrong ſuppoſitions as I ſhall ſhew by and by. 
Nevertheleſs ſuppoſing that gravity was greater towards the poles than 
towards the æquator, in the proportion that he aſſigns, namely of the 
ray of curvature drawn into the perpendicular to the curve, terminated 
at the axis; let us conſider what will follow from his principles. 

Let us then ſuppoſe the earth at firſt in a fluid ſtate; fig. 188. AA 
the axis, 4 Z the æquatorial diameter, ab a ray of curvature, d n ano- 
ther, ac and d C two lines of tendency or perpendiculars to the curve, 

intcr- 
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intercepted by the axisatc and C; and dC, AC, two tubes or canals 
of the fluid gravitating towards and communicating at C. I fay that 
according to M. Mairan's principles of gravity, the earth cannot pre- 
ſerve its oblong ſpheroidical figure. For ſince the gravity at a : is to 
the 272 at d:: asdnxd C:toabxac, it will follow (from the 


nature of the ellipſe) that the gravity at A: will be to the gravity at d:: 
as A C* to dCi: and therefore the forces with which the columns of fluid 
A C and d C tend towards C, will be as their maſſes drawn into the for- 
ces driving towards C, that is as ACx AC*todCxdC*i, Now by 
the principles of hydroſtatics it is evident that the fluid in the canal 
AC will cauſe the fluid in the canal d C to run out at d as long as 
A Cx A C' is greater than dC xd C*, And if the canal Cd be con- 
tinued quite to , the ſurface of the fluid in A C will fink to a, whilſt 
the ſurface of the fluid in dC riſes up to J, in which caſe as a C = C0 
the point A will come to a, and the point d to J, and the curve Ad 
being chang'd into « , the oblong ſpheroid will be chang'd into a 
ſphere the only figure conſiſtent with the æquilibrium of the fluid parts 
according to M. Mairan's own principles; becauſe then you will 
have A Ct AC, and ACXx A Ci=dCxdC. And if we make uſe 
of Sir Iſaac Newton's principles in this reaſoning, we ſhall alſo ſhew 
that an oblong ſpheroidical fluid earth will be chang'd into a ſphere; 
but not ſo faſt as it does by M. Mairan's laws. 

N. B. Here we have ſuppos'd no diurnal revolution, for as ſoon 
as that begins the centrifugal force will raiſe the æquatorial parts and 
change the ſphere into a flatted ſpheroid, as has been before ſhewn and 
is allow'd by M. Mairan. 

Now if we ſuppoſe the ſame figure of the earth, but the land (at 
its firſt creation) as firm as it is now; it will in that caſe follow from 
M. Mairan's principles, that the ſea muſt riſe and overflow all the 
#quatorial regions, tho* the earth had no diurnal revolution; and 
much more ſo when the centrifugal force ariſing from the diurnal mo- 
tion helps to carry the water the ſame way. 

Dem. Let Pæ PAX fig. 189. repreſent the plane of a meridian, PP 
the axis of the earth (ſuppos'd an oblong ſpheroid) @ E the diameter 
of the æquator, de a & part of the ſurface of the earth, æ A and eB 
two perpendiculars to the ſurface of the earth (which are here two 
rays of curvature) f c the Turface of the ſea, and fdeg, ba ec two 
cylinders of ſea-water of equal baſes and equal heights. 

Since gravity acts on the two equal columns of water bac, fdeg 
in the reciprocal ratio of the ray of curvature (at the reſpective places 
of the columns) drawn into that part of it which M. Mairan calls the 
line of tendency (that is, in the ratio of e B XE to @ Ax@C) the 
weight of f e : will be to the weight of :: as E AXA C: toe Bxez. 
Therefore if there be a communication between the fluid columns fe 
and h @, there cannot be an æquilibrium till the quantity of matter in 
e becomes to the quantity of matter in b & reciprocally as the gravity 
| at 
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at the place æ is to the gravity ate; and in that caſe the height ge 
will be reduc'd to ke, ifke:c@::eBxez:eAxeC And conſe- 
quently the ſurface of the ſea will go thro? the points ik bc, where bc 
under the æquator 15 higher than i & towards the poles. Q. E. D. 

N. B. That the centrifugal force will ſtill add to the height of the 
ſea at hc, is plain from what we have ſaid before. And it we apply 
** theſe principles to determine the different lengths of pendulums 
„ ſwinging ſeconds at Paris and at the equator; from the gravity 
Hat Paris, compar'd to the gravity at the zquator (in this ſuppoſition 
ok the action of gravity and figure of the earth) a pendulum muſt be 
<© ſhorter at the æquator by more than 10 lines, without conſidering 
the centrifugal force; and if the centrifugal force be taken into con- 
ſfideration, the pendulums muſt be ſhorten'd near a whole inch. But 
this being about five times more than agrees with obſervation, what 
proves too much proves nothing at all. 

Having thus ſhewn that M. Mairan's account of the action of gra- 
vity, on ſeveral places upon the earth's ſurface, can be of no ſervice 
for reconciling the experiments made on pendulums, with the figure 
of the earth deduc'd from M. Caſſini's meaſures ; I proceed to ſhew 
that his demonſtrations are founded upon wrong principles. And firſt 
in relation to gravity. 

This gentleman has follow'd Sir Iſaac Newton, in ſaying that gra- 
vity increaſes in a duplicate reciprocal proportion of the diminiſh'd 
diſtance from the center of the force, and ſo vice verſi ; but he has fol- 
low'd Sir Iſaac Newton no farther than ſerv'd his preſent purpoſe ; 
otherwiſe he would have known, That in reſpect to a central body 
(as a planet) towards which others are (attracted or) impelPd by gra- 


vity, this law obtains only as bodies attracted are remov'd from the 


ſurface of the planet to greater diſtances from the center compar*d with 
that diſtance ; or as from greater diſtances they approach nearer to the 
planet. That the greateſt action of gravity is at the ſurface of the 
planet. Thar afterwards in advancing towards the center the force 
of gravity on the body attracted continually grows leſs, decreaſing di- 
rectly as the diſtance ; and that this holds true in a ſpheroid as well as 
a ſphere. — That on different parts of the ſurface of the earth (in the 
condition it is now) the gravity on bodies 1s reciprocally as their di- 
ſtance from the center of the earth. F —— T hat tho? at a conſiderable 
diſtance we look upon the earth or any planet, or even the ſun, as a 
point (in the center of the forces tending towards it) endu'd with an 
abſolute force proportional to its quantity of matter; yet when we 
come ſo near the body as to conſider the ſpace it takes up, we are to 
take notice that the whole attraction or gravity of the body is made up 
of the ſum of the attraction of all its parts properly combin'd ; and 
therefore that when a corpuſcle, or body une, "ts comes to be within 
the planet or body attracting, the matter above it draws it back in ſuch 
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a manner that it leaves it only a force to go on towards the center, 
which is directly as the diſtance,” as we have already ſaid ; juſt as if a 
body concentric to the planet (whether ſpherical or ſpheroidical) had 
its ſurface juſt where the corpuſcle is, and all the exterior cruſt or ſhell 
was annihilated.” 

I do not doubt but M. Mairan will be of this opinion when he has 
carefully and impartially examin'd the 12th and 13th ſections of the 
firſt book of Sir Iſaac Newton's Principia, and the 18th, 19th, and 
20th prop. of the third book. And if he will be at the pains to com- 
pare the 38th and 39th propoſition of the third book with the 66th of 
the firſt, he will find that the preceſſion of the æquinoxes is owing to 
the broad ſpheroidical figure of the earth; and that if it had M. Caſ- 
fins figure the æquinoctial points would move in conſequentia faſter 
than they do now in antecedentia. 

Further, M. Mairan demonſtrates that in an oblong ſpheroid the di- 
minution of 2 by the centrifugal force increaſes faſter in going 
from the poles to the æquator than it would do in a ſphere, and faſter 
in a ſphere than it would do in a broad ſpheroid; and therefore would 
ſhew, *©© That notwithſtanding the ſurface of the earth is nearer to the 
center in M. Caſſini's figure than in Sir Iſaac Newton's, yet the cen- 
A trifugal force will diminiſh the gravity ſo faſt in going from Paris 
to the equator, that the ſhortening of pendulums to make them 


„ ſwing ſeconds at the æquator may very well be accounted for that 


„ way.” 

wow let us examine into this matter to ſee whether the cauſe is ade- 
quate to the effect. 
If the diſtance from the ſurface of the earth at the pole to the center 
be 96, and the diſtance of the ſurface at the æquator be 95, the diſtance 
of the ſurface at Paris in the latitude of 48* 5o' will be 95,562, &c. by 
the property of the ellipſe. Now ſince the force of gravity in different 
places on the earth's ſurface is reciprocally as the diſtance from the 
center, and the lengths of pendulums that perform their vibrations in 
the ſame time are directly as the force of gravity ; therefore the length 
of pendulums at Paris will be to their length at the æquator as 95 to 
95,562, &c. that is, as 440,555, &c. to 443,165, &c.-and conſequently 
they myſt be lengthen'd 2.61, &c. lines. But as from M. Mairan's 
principles the diminution of gravity by the centrifugal force is greater 
at the æquator than at Paris, hardly 757\part of the whole gravity at 
the æquator, the pendulums muſt be ſhorten'd in that proportion; ſo 
that then the length of a ſecond pendulum will be 440,555 + 2,61 —1 
lines. But as that quantity is greater than 440,555, &c. therefore the 
pendulums upon the whole muſt be lengthen'd : nay, tho* we ſhould 
allow a ſhortening of two lines; ſince by obſervation pendulums are 
found to be about two lines ſhorter at the æquator, the oblong ſphe- 
roidical figure. of tlic earth cannot be conſiſtent with the experiments 


on pendulums. 
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Cuar. VII. Of the figure of the Earth. 
I beg leave to ſet down M. Mairan's aforeſaid demonſtration here; 


that we may ſee whether he has aſſum' d true principles. 

Prop. V. T XI. The centrifugal force at any degree of latitude 
taken upon the oblong ſpheroid, between the æquator and the pole, 
is leſs in compariſon to the centrifugal force at the æquator, than it 

would be at the fame degree of latitude taken upon a ſphere ; or 
which 1s the ſame thing, the centritugal force increaſes more, going 
from the poles towards the æquator, upon an oblong ſpheroid, than 
upon a perfect ſphere ; and conſequently gravity diminiſhes more, 
and a pendulum muſt be more ſhorten'd under the zquator, in the 
hypotheſis of the oblong ſpheroid, than in that of a perfect ſphere, 
hs n an oval curve of any kind, as for example, the 
* ellipſe ADB E above mention'd, and inſcrib'd the circle DH E, 
** whoſe radius is DC = half the ſhorter axis DE; upon AD take 

any point as R, between the æquator and the pole, and from that 
point to the evoluta O IX draw the ray of curvature RT, which 
gives the line of tendency R (art. IV.) draw likewiſe from the com- 
mon center C to the circumference of the circle DH a radius CV, 
arallel to PR, and meeting the circle at V; then from the points 

„V, draw the lines RN, VZ perpendicular to the axis AB. 
It muſt be obſerv*d—1. that as the ellipſe A D repreſents a meri- 
dian of the oblong ſpheroid, the circle DH repreſents a meridian of 
a ſphere in the ſame plane. — 2. That the point V on the circular 
meridian anſwers to the ſame degree of latitude as the point R upon 
the elliptical meridian ; becauſe the lines PR, CV being parallel to 
each other, and perpendicular the one to the ellipſe and the other to 
the circle (by conſtr.) the touching planes or horizons of the points 
RV will alſo be parallel. 3. Whence it follows that the dimi- 
e nution of the centrifugal force (acting againſt gravity) on account of 

its obliquity to the horizon (art. X.) of the ſame degree of latitude 
on the elliptical and on the circular meridian is the ſame in both 
caſes, and in the ſame ratio as the abſolute centrifugal forces repre- 
ſented by the perpendiculars RN, VZ (art. IX.) Therefore to 
know whether the centrifugal force (whether abſolute or relative) 
of the point R upon the oblong ſpheroid AD B E be leſs or greater 
in reſpect to the centrifugal force under the eommon æquator DE, 
“ than the centrifugal force (whether abſolute or relative) of the cor- 
<*© reſpondent TY upon the ſphere 3 nothing more is required than 

to ſee which is the longeſt of the two perpendiculars, namely R N 
in the oblong ſpheroid or VZ in the ſphere ; ſince theſe two lines 
expreſs the radii of the circles of revolution, and conſequently the 
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the centrifugal forces of two correſpondent points upon the oblong 
" — ADB E, and the inſcrib'd ſphere D H E, to the centrifugal 


rce of their æquators is the ſame, ſuppoſing the ſphere of any 
+ See M. Mairan's diſſertation, article XI. K. 
1 * other 


abſolute quantity of the centrifugal forces. 4. That the ratio of- 
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e other bigneſs; and that it has been determin'd here of the diameter 
„ DE only to render the demonſtration eaſter, by giving the ſame 
*« conſequent to the antecedents RN and VZ. For if about the center 
% C and with the radius C4, the circle 4h e be deſcrib'd equal (for 
« example) to a meridian of a ſphere of the ſame ſolidity as the ob- 
long ſpheroid ADB E; and the radius CV be produc'd till it meet 
<« the circle d h at the point u, and 4 z be let fall perpendicular to the 
© common axis of revolution and parallel to VZ: it is plain that we 


VZ 
„ ſhall always have VZ: DC:: 12: d C, or DG e and con- 
« ſequently 5 will have the ſame ratio to —— as to 0 


Therefore in order to demonſtrate that the centrifugal force of a 
point taken in any latitude upon the oblong fpheroid, is leſs when 
* compar'd to the centrifugal force of the like point taken upon a 
« ſphere in reſpect to the centrifugal force at the zquator ; there is 


nothing more required than to _ that RN <V Z, becauſe by 
that means we ſhall have 5⁰ C- This being obſerv'd, from 
the point R draw the line RI parallel to the axis AB and meeting 
the circle DH at K, and the diameter DE of the æquator at the 
point I. From the point K having let fall the perpendicular K L 
RN upon the axis AB, and drawn KC to the center C; the 
„ gqueſtion will be brought to this, viz. To know whether the point V 


* coincides with the point K; or whether it is above it towards D or 


_ 46 below towards H. 


„ But CK =CV = CD>PR (art. VIII.) therefore CK and PR 

being both between the parallels AC, RI, the greateſt CK is more 
inclin'd to them than the leaſt PR, and the angle K CA is leſs than 
* the angle RPA VCA. And fince theſe two angles have each 
«*< of them one of their ſides coinciding with the line AC, namely the 
* fide AP of the angle RPA, and the fide AC of the angle K CA, 
ir follows that the fide V C of the angle VCA =RPA>KCA, 
will go above CK between CK and CD, and meet the line RI at 
the point G, between K and I, and the circle DH at the point V, 
* which conſequently will be above RI, between K and D. There- 
« fore CV =CG+GVis=PR+GV, and confequently VZ, 
*« which meets RI at the point F, is = ZF+ FV =RN FV; 
and therefore RN = VZ —FV. Therefore RN<VZ. 
- * And becauſe the ſame thing may be demonſtrated in refpe& of 
< any other point taken between the zqyator and the pole; and that 
& gravity, and conſequently the length of a pendulum diminiſhes as 
« the centrifugal force increaſes. Therefore &c. Q. E. D. 

& Coroll,—-XIF. From what has been demonſtrated and from prop. 3. 
S&- art.. VIII it follows that the perpendicular which is drawn from any 
point of an oval meridian.to the axis, will be ſo much ſhorter, in 

9 | compa- 
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cc 


compariſon to the perpendicular drawn from the correſpondent 
4 


point of an inſcrib'd circular meridian, as the latitude is greater; 
and conſequently (by art. XI. num. 3.) the centrifugal force will be 
ſo much the leſs, and gravity ſo much the greater upon the oblong, 
ſpheroid, in reſpect to the centrifugal force, and the gravity under 
the equator. | 
For as the line RP does always decreaſe as the point R is taken 
nearer to the pole A, it is evident that the angle VEK will continu- 
ally increaſe, in reſpect to the angles VCA, K CA, as it is their 
difference, and conſequently that the perpendicular VZ will be ſo 
much greater than the perpendicular KL RN. 
I paſs over the demonſtration of the latter part of his propoſition 
above mention'd, which he deduces juſtly from his conſtruction, if 
what he ſays (num. 2.) be right ; becauſe m fuch a caſe it cannot be 
call'd in queſtion 3; and proceed to an obſervation that he makes after- 
wards, viz. ** We muſt take care to obſerve in the foregoing propoſi- 
tions and corollaries that the compariſon is always made between 
two ſimilar points of latitude taken upon the two ſpheroids, or upon 
one of the ſpheroids and the ſphere, between the æquator and the 
poles, in reſpect to the centrifugal force upon the æquator of any 
one of theſe ſpheroids, or of the ſphere. For if we only compar'd 
abſolutely the centrifugal force of a point of the æquator of the one, 
to the centrifugal force of a correſpondent point of the æquator of 
the other, it is plain that it would be greater upon a flatted ſpheroid 
than upon a *. or than upon an oblong ſpheroid of the ſame 
ſolidity, in the ratio of the great axis of the generating ellipſe of the 
flatted ſpheroid, to the diameter of the ſphere, or to the ſhorter axis 
of the generatidg ellipſe of the oblong ſpheroid. And in all likeli- 
hood this muſt be the reaſon that has made others who have treated 
of this ſubject to imagine the very contrary of what I have demon- 
{« ſtrated.” | 
As Monf. Mairan conſiders the earth at reſt in the conſtruction for 
his demonſtration above quoted, and afterwards obſerves what effect 
the centrifugal force will have upon bodies on its ſurface to diminiſh 
the gravity, with which they endeavour to deſcend in their line of 
tendency RP; he ſhou'd not only have taken notice (as he has done) 
that the whole centrifugal force N R is not to be fubſtrated from the 
gravity at R, as the whole centrifugal force CD is to be ſubſtracted 
from the whole gravity at D, becauſe of the obliquity of RN to PR; 
but he ſhould have obſerv'd alſo that the obliquiry of the plane of the 
parallel N R, in which the centrifugal force acts muſt alter the line of 
tendency RP, and change the direction RP into RW, fomewhere 
between the point P and the center C; for if there be a heavy body as 
a plummet hanging by a thread in the line SR or SP, the line of 
tendency which has been ſuppos'd perpendicular to the curve ARD, 
without taking in the effect of the centrifugal force, as ſoon as the 
| 3  ſpheroid 
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ſpheroid revolves about its axis, the body which wou'd fall in the line 
SR, acted upon only by one force, namely that of gravity, will now 
be acted upon by another force, at the ſame time puſhing it in the line 
Ss (which is the ſame as Rr) and conſequently will move in the line 
Sr, diagonal of the parallelogram 38 R; or which is all one, a 
body plac'd at R will have its line of tendency in RW, as I have al- 
ready ſhewn in my firſt diſſertation on this ſubject; only I did not 
ſuppoſe the earth a ſpheroid before the diurnal motion, and therefore 
made uſe of the line Z V inſtead of the line NR; fo that it may be 
objected that the angle S R will not be ſo great in a ſpheroid as in a 
ſphere, becauſe the centrifugal force which acts with the ſame obli- 
quity (ſince NRP =ZVC) is as much leſs in the ſpheroid as NR 
is leſs than Z V; but I was aware of that, and therefore made the 
angle RSr only of 5 minutes, when it really appears to be of almoſt 
ſix minutes, when the earth is ſuppos'd ſpherical ; and therefore with- 
out S Ip give the exact quantity of the ſaid angle, one may eaſily 
perceive that Monſ. Caſſini's difference of the axis and zquatorial 
diameter will produce a figure, in which the angle R Sr will not be 
leſs than of 5 minutes. 

Such an obliquity caus'd in the direction of gravity, will render the 
oblong ſpheroidical figure of the earth impoſſible 3 becauſe then fluids 
wou'd not have the lines of their gravity perpendicular to the horizons 
of the places where they are, (ſuppoſing the horizons of places to be 
planes touching the curve of the earth in thoſe places) and plumb- 
lines. wou'd be ſo far out of the perpendicular to lines of level as to 
make an angle eaſy to be obſerved, as I have ſhewn in my former 

aper. | | 

N Bur if the ſame cauſe be ſuppos'd to act upon the ſea to make it 
level, as makes heavy bodies to fall (which certainly muſt ) then in- 
deed lines of level will be perpendicular to plumb lines, and the level 
of the ſea taken always — the horizon of a place, will not be a 
plane touching the earth, but cutting it towards the poles, and con- 
ſequently the water will be carried towards the æquator, as was be- 
fore ſhewn. | 

Beſides, the difference of the action of the centrifugal force wou'd 
not be ſo great between correſpondent points of the ſame latitude in 
the ſpheroid and in the ſphere; To when the line of tendency RP is 
by the centrifugal force chang'd into RW, the point R upon the ſphe- 
roid does no longer correſpond in latitude with the point V upon the 
ſphere, but muſt be taken nearer to V; ſo that the line RW may be- 
come parallel to VC, and RWA VCA. 

If it be alledged here that Monſ. Mairan ſuppoſes the earth in mo- 
tion, and takes in the effect of the centrifugal force, when he makes 
the line of tendency to be RP; I anſwer that if he had conſider'd the 
earth as revolving upon its axis, he wou'd not have made V C the line 
of tendency of a ſpherical earth in motion, ſince it is the line of ten- 
deney of ſuch an earth at reſt. In 


Char. VII. Of the figure of the Earth. 351 


In Monſ. Mairan's obſervation above-mentioned he ſays, ©* that we 
are not to compare the centritugal force at the æquator of an oblong 
«© ſpheroid, with the centrifugal force at the æquator of a ſphere or 
at the æquator of a flatted ſpheroid of the ſame ſolidity ; allowing 
that then it wou'd be greater in the ſphere, and ſtill greater in the 
*« flatted ſpheroid : but only the centrifugal forces in ſeveral latitudes 
upon the ſame figure.“ But I beg leave to differ from him for the 
following reaſons. | 

1. Becauſe the force of gravity is not the ſame at the equator of 
the flatted ſpheroid, as it is at the æquator of the ſphere, or as it is 
at the æquator of the oblong ſpheroid — - 2. Becauſe it is not the ſame 
in different latitudes, in either of the ſpheroids. ( See Sir Iſaac New- 
ton lib. III. prop. 19 and 20.) And Monf. Mairan's way of arguing 
will only ſerve, in caſe the gravity ſhou'd be the ſame in all the points 
of the ſurface of the earth in his figure, and alſo in the two other 
figures. 

For example, let the uniform gravity be call'd g; and —- 1. let the 
centrifugal force at the æquator of the flatted ſpheroid be calPd 
c＋ 23 and the centrifugal force in any latitude, as for example, the 
laritude of Paris (as it is diminiſhed on account of a ſhorter co · ſine 
of latitude, and likewiſe on account of its obliquity to the line of 
tendency,) be call'd c + 2 —1, the difference of the diminution of 


gravity at Paris, and at the equator will be [; — + 2 
6 — c 1＋ 2 2 

2. Let the centrifugal force at the æquator of the ſphere be call'd 
c + 1, and the centrifugal force at the latitude of Paris be call'd 
c+1—[+m; the difference of the diminution of gravity at 
Paris, and at the æquator in a ſpherical earth, will be : — 4 2 
4— + 1 —TFml=1+m. 

3. Let the centrifugal force at the æquator of the oblong ſpheroid 
be call'd c, and the centrifugal force at Paris be calPd ;ZTÞ m + nl; 
the difference of the diminution of gravity at Paris, and at the æqua- 


tor, inan oblong ſpheroidical earth, will be gc [20 PT ore m Fo 
=[+n+3. 

Now, if gravity ſhou'd in every caſe be equal to g, it is evident 
that the ſhortening of pendulums at the æquator, wou'd be greater in 
the oblong ſpheroid than in the ſphere or in the flatted ſpheroid 3 
becauſe as the lengths of pendulums diminiſh with the gravity, thoſe 
lengths will be at Paris and at the equator, when compar'd, as 


g—c+2=—] wo g—7+2 in the flatted ſpheroid 3 as 
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g—le+1 Fm to g- A 1 in the ſphere, and IE logs war od 


to g—c in the oblong ſpheroid ; and conſequently , from what 


M. Mairan has demonſtrated this ratio of & fe -I Au ˙ | to 


g — c, being greater than either of the others, the pendulums mult be 
ſhortened in the oblong ſpheroid. 

But as the force of gravity is leſs at the æquator of the flatted ſphe- 
roid than at the equator of the ſphere, or of the oblong ſpheroid of 
the ſame ſolidity; let us expreſs its quantity in the three caſes by 
, g, and g, and we ſhall then find the lengths of the pendulums 


at the æquator of the three ſolids, as g—5s —c T2, g—c+1, 


and g +s — c 3 conſequently the lengths of pendulums will be great- 
elt at the æquator of the oblong ſpheroid, becauſe g + 5 — c is the 
greateſt quantity. 

Laſtly, To compare the lengths of pendulums at the equator of 
the oblong ſpheroid thus found, with their lengths at the latitude of 
Paris upon the ſaid ſpheroid Let us expreſs the exceſs of gravity at 
the æquator, whereby it is greater than at Paris ( becauſe in this figure, 
Paris is farther. from the center of the earth than the æquator, by vv 
part) by the letter 5, and the exceſs of the centrifugal force at the 
æquator, above that part of it which acts directly againſt gravity at 
Paris, by { n, the gravity at Paris by g, and the centrifugal 
force at the æquator by c; then g + - will ſtill repreſent the 
diminiſh'd gravity, and anſwer to the length of pendulums at the 


æquator, whilſt gn or g —c +1 +m+27 repre- 


ſents, the, diminiſh'd gravity, and conſequently the length of pendu- 
lums at Paris. If s be equal to] + m + n, pendulums will be as long 
at the æquator as at Paris; and if s be greater than / + m -+ », pen- 
dulums will be longer at the æquator. But making all poſſible al- 
lowance, in favour of Monſ. Mairan's hypotheſis, no calculation will 
bring + m + to be greater than, or ever equal to 3. Therefore 
Monf. Marian's demonſtrations above-mentioned, are of no force to 


| Prove the earth to be an oblong ſpheroid. 


And now I think 1 have anſwer'd all that relates to the figure of 
the earth in Monſ. Mairan's diſſertation; in ſhewing that his con- 


jectures can neither be ſupported by thoſe phyſical principles which 


Sir Iſaac Newton has mathematically deduc'd from unqueſtioned obſer- 
vations and experiments accurately made; nor even by thoſe prin- 
ciples which he (M. Mairan) has aſſum'd to ſerve his intended pur- 
poſe— That his demonſtrations relating to the difference of the action 
of the centrifugal force are of no ſervice to him, for reconciling the 
experiments made on pendulums, with Monſ. Caſſini's meaſures ; 
—becauſe when applied to Sir Iſaac Newton's principles, they will 
make pendulums longer at the æquator than at Paris, and =_ 
| appli 
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applied to Monſ. Mairan's own principles, they will make them a 
whole inch ſhorter at the zquator than at Paris, contrary to all ob- 
ſervations, which at a medium make pendulums but about two lines 
or r of an inch longer at the æquator than at Paris. —That he has 
built his demonſtrations upon a wrong notion of gravity. — And that 
he has not conſider'd what is moſt material in the effect of the centri- 
fugal force acting on bodies deſcending by their gravity between the 
æquator and the poles, namely, the alteration of their line of direction, 


which. wou'd make them fall out of the perpendicular towards the 


uator. 
ſhall add one more philoſophical argument given me by a friend 
to whom I communitated my thoughts on this ſubject ; becauſe ir is 
wholly independent on thoſe principles of rangers 12 » Cconcernin 
which ſome of the gentlemen that believe the oblong ſpheroidica 
figure of the earth, and the Engliſh philoſophers, are not yet agreed; 
and it is this. 8 

If the earth was of an oblong ſpheroidical figure higher at the 
poles than the æquator, the axis of its revolution wou'd either go 
through one of its ſhort diameters, or be continually changing unleſs 
the ſaid axis did exactly coincide with the axis of the figure. 

Dem. Suppoſe ſuch an oblong figure as A a fix'd to the axis Pp at 
the center C, but capable of moving freely round it towards P or 
towards p, yet ſo as to be oblig'd to move with the axis when it is 
turned round. Suppoſe now the poles P and p to be fix'd, and the 
body thus conſtituted to be turn'd ſwiftly round the axis Pp; then if 
the angle A CP be oblique, and the figure A Da E be oblong, the 
parts A C and Ca will acquire a centrifugal force, which will enlarge 
the angle p C A, till it comes to be a right one. Beſides this a velocity 
will be generated in the motion, while A is going towards the per- 
pendicular « C, which will make it go farther on towards P, as to B, 
with a motion which will after that be retarded, till the centrifugal 
force has ſtrength enough to ſend it back again the contrary way; and 
ſo it will move continually with a reciprocal motion, like the oſcil- 
lation of a pendulum; and if a little of this motion be loſt at every 
ocillation , then the oblong figure ADaE will at laſt move quietly 
about its lefſer axis DE coinciding with Pp. 

If Aa did not at firſt exactly coincide with Pp, the centrifugal 
force will have the above-mentioned effect; and that this is not the 
caſe in the earth is more than probable, becauſe the unequal diſtribution 
of ſea and land, beſides the phænomenà of the tides muſt make the 
axis of its gravity, and conſequently the axis of its revolution, to differ 
from the axis of the oblong ſpheroid, if the earth had ſuch a figure; 
without conſidering that every earthquake wou'd alter ſo nice an 
æquilibrium, which once. loſt wou'd never be recover'd again. 
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To leave nothing unexamin'd relating to the controverſy, I have 
gain conſider d the meaſures and obſervations mentioned in the account 
the meridian drawn through France in the memoirs of the Royal 
cademy for the year 1720 and I find them to want a great deal 
of the accuracy requir'd in ſo nice a point, as determining the different 
lengths of degrees upon the ſurface of the earth. ' To prove my aſ- 
ſertion I beg that the reader will examine the following tables, 
yhereby it appears, that if any thing certain can be deduc'd from the 
Fad obſervations and meaſures, (either taken as they are or reduc'd 
to the level of the ſea, by the rules given by Monſ. Caſſini *) it will 
be in favour of Sir Iſaac Newton's figure of the earth, rather than 
theirs, 

In the following table the firſt column gives the names of places; 
the ſecond the diſtances from Paris, according to the meaſures taken 
by the French gentlemen; the third the latitudes obſerv'd by the 
fame ; the fourth the latitudes ſuch as the meaſur*d diſtances will 
give them ſuppoſing the earth ſpherical ; the fiſth the differences be- 
tween theſe and the latitudes obſerv'd, expreſs'd in ſeconds of a de- 
gree, where when the latitude computed exceeds the latitude ob- 
ry?d, the letter N (north) ſhews that difference to be in favour of 
Aonſ, Caſſini's figure, and the contrary difference mark'd by the let- 
er S (ſouth) is in favour of Sir Iſaac Newiaws figure. 


Names of [Diſtances from| Latitudes | Latitudes in a | differences 
Places, Paris meaſur d.] obſerv'd. | ſpherical earth] in ſeconds. 
computed from 
| ' the meaſur d 
| CS diſtances. 1 
J. . 
nel | Toiſes. | 
Dunkirk. take [cr 2 25 31 53* 2* 257 of 
Amiens, | _» 60370 149 53 48 [49 53 48 | o” 
Sourdon. | 499701 149 42 42 [49 42 52,r| 101N 
K „ 48 50 10 [48 50 26,3] 10,3 N 
alvoiſine. 18838 (48 30 47 48 30 32,1 14,9 8 
Vale. 679 4% 39 17 [47 38 63,6 23,4 8 
Bourges, | 100192 147 4 31 [47 04 58,7] 27,7 
S, Sa uvier. | 139934 46 23 24 46 12 12,0 8 
Croc. 1 109540 145 51 43 [45 52 4,6 27,6 N 
Bort. 196484 45 23 27 [45 23 43,2 18,2 N 
Aurillac. 223606 44 55 13 144 55 14,5 1,5 N 
Rodes. 2506575 44 20 54 [44 20 35,1] 19,9 8 
Alby. 8 280612 43 55 32 143 55 19 13,0 8 
Carcaſſone. 321430 43 12 56 43 12 24,5 31,5 8 
Collioure. 360604 42 31 13; [42 31 1378 0. 


* Muamaits for the Year 1720, Vol. I. P. 2 Ch. +2, 
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In this table it is to be obſerv'd that there is an equal number of 
differences mark'd N (north) and 8 (ſouth) and if the differences on 
each ſide be added together, there will be 89“, 4 on the north ſide, and 
114% on the ſouth: this laſt agrees beſt with Sir Iſaac Newton's figure, 
which muſt be ſuppoſed for the correction of ſo great a difference. 

In the next table, the firſt column gives the names of places ; the ſe- 
cond the latitudes obſerv'd; the third the diſtances in the meridian 
from Paris reduc'd to the level of the ſea ; the fourth the differences 
of the ſecond column expreſs'd in ſeconds of a degree; the fifth the 
differences of the numbers in the third column; and the ſixth the 
meafure of a degree by the fourth and fifth columns compar'd., © 


L II, III. | IV. | „ 
Names of Places. 1 Seconds 
| of a de- 
| gree, 4 : 
3 1 4 Toiſes.] Toiſes. 
Dunkir 519 21194125484 ” | 
Te = 58 24 4103” | 65010 | 57040 


1859 | 29416 | 56965 


Clermont. 49 22 57 | 31026 1967 31028 | 56787 


The R. Obſervatory. 48 50 10 


O 
— 47 39 17 | 67959 |4253 97959 57525 
. S. Saurier. 46 23 24 | 139937 | #993 | 71975 | 50912 
Croc. 45 51 43 | 169539 18% | 2209 | 5995 
Port. 45 23 46 | 196480 | 277 | 26941 | 57834 
Aurillac. 4 55 1322361663 22826222 
Rodes. 44 20 532864741921 | 247387731 
Alby. 43 55 32 |280612 Uh * one. 
Carcaſſone. 43 12 55 [321430 — {Fn 3 2825 
Collioure. [42 31 13 360614 | 39794 | 59300 


In this table in the third column over- againſt St. Sauvier, the num- 
ber which was 139944 is corrected to make it 139937, to the advan- 
tage of the oblong figure. In the ſixth column the numbers appear ſo 
irregular, as to be unfit to decide this controverſy. Then if a compa- 
riſon be made between Dunkirk, St. Sauvier (which is very near the 
middle of France, and almoſt in the meridian of Paris) and Collioure, 
the meaſurement is abſolutely in favour of Sir Iſaac Newton's ir: mn ; 
the mean between Dunkirk and St. Sauvier being larger by 
about 64 toiſes, than between S. Sauvier and Collioure; and to reduce 
them even to an equality there muſt be a greater alteration made in the 
ſituation of thoſe three places, than it is reaſonable to ſuppole their ob- 
ſervations to be capable of admitting. Here follows the compariſon. 


2 2 2 Dunkirk 


8 
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Fig. 192. 


Fig. 193. 
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Dunkirk and Collioure 57061 
Dunkirk and Paris 56960 
Paris and Collioure a mean degree is 57097 
Dunkirk and S. Sauvier 57090,4 
S. Sauvier and Collioure 57026,5 


according to M. Picard 57060 

To conclude, I will propoſe a method of obſerving the figure of 
the ſhadow of the earth in lunar eclipſes, whereby the difference be- 
tween the diameters in the oblong ſpheroidical figure, if there be ſuch 
an one as M. Caſſini affirms (viz. of 96 to 95) may be diſcover'd. 

Let PA PZ reprefent the earth ſeen from the ſun at the time of the 
ſummer ſolſtice z it is evident that the ſame figure will expreſs the ſe- 
ction of the earth's ſhadow at the moon's diſtance, as ſeen from the 
earth. If EE repreſents the ecliptic, A A will be the ſhorteſt dia- 
meter of the ſection; and if LL be taken for the moon's way in a total 
and central eclipſe of the moon, by obſerving the time which is ſpent 
in the paſſage of the center of the moon thro' the ſhadow, and redu- 
eing that time to ſeconds of a degree of a great circle of the heavens, 


'we ſhall have the leaſt diameter of the ſhadow. 


Again, let the ſame letters repreſent the ſame things, only here the 
ſection of the ſhadow is ſuch as the earth will caſt at the zquinox, and 
the eclipſe of the moon is here ſuppoſed partial, its center juſt touch- 
ing the ſhadow. When the moon's center is got to c, if the latitude of 
its center or its diſtance from the ecliptic be obſerv'd, we ſhall have the 
length c C nearly equal to the longeſt ſemidiameter of the ſhadow. 

Now comparing cC in fig. 192. to L C in fig. 193. (the diffe- 


rence between c C and CP (fig. 193.) and between CL and CZ (fig. 


192.) not being worth notice) they ought to be to one another as 96 


to 95, which 1n ſuch a ſhadow will give a difference of about 25” at a 


medium, ſenſible enough to be obſerv*d notwithſtanding the penumbra. 
If therefore thoſe aſtronomers who have inſtruments nice enough, and 
ſufficient {kill in the management of them to take angles to 3 or 4 
ſeconds of a degree, will obſerve what I have been mentioning in 
total and partial eclipſes of the moon; by ſuch obſervations they will 
eaſily convince us that the figure of the earth is ſuch as M. Caſſini ſup- 
poſes it, or convince him that he has been miſtaken. 

The ſemidiameter of the earth's ſhadow when the earth is in pe- 
e rihelio and the moon in apogæo is 38“ or 2280”, without conſi- 
s dering the increaſe of the hadow on account of the atmoſphere of 
„the earth, which would make it 39“ or 2340” (allowing one ſecond 


for a mile;) and the ſemidiameter of the ſhadow when the earth is in 
s aphelio and the moon in perigzo is 46' 20” or 2780”, which increa- 


** ſed on account of the atmoſphere of the earth, will bring it to 47 

** 20” or 2840”, Now if the proportion of 95 to 96 be taken in both 
3 ; , (95:96:: 2340”: 3 

caſes you will have theſe analogies 95:96:: 2840" : 2869",8 ſo 

I that 
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te that 2364 ,6 — 2340” = 24%, 6 will be the difference of the ſemidia- 
meters when the ſection of the ſhadow is the leaſt, and 2869",8 — 
2840“ = 29% 8 will be the difference of ſemidiameters when the ſe- 
* tion of the ſhadow is the greateſt ; the ſum of thoſe differences 24”,6 


357 


* + 29",8 halved will give the difference when the ſection of the ſha- | 


do is at a medium = 27%, 2; from which if we take 2 4 becauſe 
in fig. 193. Cc is a little leſs than CP, and in fig. 192. L C is ſome- 
thing greater than Æ C, we ſhall have Cc in fig. 193. to compare 
with LC in fig. 192. which will exceed it nearly by 25” if M. Caſſi- 
„ ni's figure of the earth be the true one. 
I. 4. PO N an axis of iron that could be made to turn fwiftly 
(by means of a wheel whoſe ſtring went round a pulley fix'd 
to the ſaid axis) I ſlipt on two iron hoops whoſe planes interſected at 
right angles repreſenting two colures, which being of a ſpring temper, 
ſprung in ſuch a manner as to be zz part longer in that diameter that 
coincided with the axis than in their æquatorial diameter; this propor- 
tion being the ſame that M. Caſſini ſuppoſes to be between the axis 
and æquatorial diameter of the earth. Two circular plates to which 
the ſaid hoops were riveted had ſquare holes thro? which the axis paſs'd, 
ſo that the two poles of the oblong ſpheroid which the hoops deſcribe 
in their revolution might approach together in ſuch manner as to let 
them put on the form of a true ſphere, when by the whirling the æqua- 
torial diameter of the machine ſwelPd and over-power'd the elaſticity 
of the hoops. A greater degree of ſwiftneſs turn'd the ſphere into 
an oblate ſpheroid of Sir Iſaac Newton's figure. A velocity ſtill grea- 
ter makes the diſproportion of the diameters ſuch as thoſe of Jupiter; 
and ſtil] the zquatorial diameter increaſes with the centrifugal force. 
Another hoop with a catch repreſenting the æquator ſhews the in- 
creaſe of the æquatorial circumference, and an index applied to the 
frame ſhews the increaſe of the diameter. 
As ſoon as the revolution of the machine ceaſes, the colures, me- 
' ridians or hoops return to their elliptical figure, whoſe longeſt diame- 
ter is the axis of revolution. If the force by which the hoops endea- 
vour to keep their figure be conſider'd as the gravity that keeps toge- 
ther the parts of the earth; from this experiment compar'd with 
what has been ſaid in the tranſlations above mention'd it will appear 
that the earth cannot preſerve its figure unleſs it be an oblate ſpheroid. 
II. P ON peruſing the account which Dr. Halley has given in the 
phil. tranſ. N* 360 F of that extraordinary meteor which ap- 
pear'd all over England the 19th of March 1712, I obſerve one very 
great uſe he ſuggeſts might be made of thoſe momentaneous phæ- 
nomena, in determining the geographical longitude of places if we 
could but have the leaſt notice of their appearing, &c. 
I cannot but think that ſome other meteors which are very fre- 
quent tho? little taken notice of might ſerve very well for the ſame 
purpoſe, I mean thoſe which are vulgarly call'd ſtars ſhooting or fall- 


ng, 


An experiment 
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ing, being a ſort of natural ſky-rockets diſcharg'd at a very great 
height, as I cannot but imagine from this circumſtance that never 
any of them appears, according to the belt of my obſervation, where 
the ſky is cloudy ; and therefore in all probability their exploſion is 
in the regions far above the clouds, and they themſelves of the ſame 
nature with (tho* perhaps leſs and lower) that great meteor above 
mention'd, whoſe height Dr. Halley computes to have been above 
60 geographical -miles, viz. much above the reputed limits of our 
atmoſphere. But ſuppoſing theſe I mention to be diſcharged only 
at 20 or 30 miles high, they may be ſeen by different obſervers at 
the ſame moment of abſolute time in very diſtant places from one 
another, which is the thing required: for if in any two places as the 
Doctor takes notice, any two obſervers by help of pendulum clocks 
duly corrected by celeſtial obſervations, do exactly note at what hour, 
minute and ſecond ſuch a meteor is diſcharged, the difference of thoſe 
times will be the difference of longitude of the two places; nor does 
it require ſo much as the uſe of a we as in the methods hi- 
therto put in practice for that purpoſe. Now theſe natural rockets 
1 have found to be very frequent in every ſtar- light night, but eſpe- 
cially after a ſtormy day, or in a ſtormy night. If therefore perſons 
who are prepared, as above, to be exact in their time, and alſo have 
a moderate knowledge of the ſeveral conſtellations, ſo as to deſcribe 
the track of any of thoſe meteors amongſt the ſtars, would but be- 
ſtow any determinate hour to be agreed amongſt them, as for inſtance 
from 8 to q each ſuch night, to watch and obſerve thoſe exploſions, 
8 noting down immediately the time and track of them, it would be 
eaſy to determine upon comparing their obſervations, which of thoſe 
exploſions each of them ſee at the ſame time; and thereby the difference 
in longitude of thoſe places would be exactly had as above. It would 
however be worth the while this way to try whether ſuch common me- 
teors are diſcharg'd at any conſiderable height above the clouds, and 
59 — far, and whether they differ much from one another in their 
"heights. 
Of # _ Il. T is now above twenty years ſince I added an appendix to the 
homage ſecond edition of Mr. Street's Caroline tables containing a ſet of 
ſea within Obſervations I had made in the years 1683 and 1684 for aſcertaining 
* the moon's motion; and giving a ſpecimen of what I thought at that 
Hale * time might be the only practicable method of attaining the longitude 
: nat ſea. What I printed ſo long ago follows. 
p. 185. Oct. P g ag a : 
Kc. 1731. The advantages of the art of finding the longitude at ſea are too 
* evident to need any arguments to prove them. And having by 
* my own experience found the impracticability of all other me- 
5 thods propoſed for that purpoſe, but that derived from a perfect 
knowledge of the moon's motion; I was ambitious if poſſible to 
overcome the difficulties that attend the diſcovery thereof. — 
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„And firſt I had found it only needed a little practice to be able 
to manage a five or ſix foot teleſcope capable of ſhewing the ap- 
«© pulſes or occultations of the fix d ſtars by the moon on fhipboard 
in moderate weather; eſpecially in the firſt and laſt quarters of the 
* moon's age, when her weaker light does not ſo much efface that 
+ of the ſtars. Whereas the eclipſes of the ſatellites of Jupiter, 
% how proper ſoever for geographical purpoſes were abſolutely unfit 
at ſea as requiring teleſcopes of a greater length than can well be 
directed in the rolling motion of a ſhip in the ocean. 

No the motion of the moon being ſo ſwift as to afford us ſcarce 


ever leſs than two minutes for each degree of longitude, and ſome- 


times two and a half; it is evident that were we able perfectly to 
predict the true time of the appulſe or ocultation of a fix'd ſtar in 
any known meridian, we might by comparing therewith the time 
*© obſerved on board a ſhip at ſea, conclude ſafely how much the 
« ſhip is to the eaſtward or weſtward of the meridian of our 
« calculus. 

«*« But after much examination and carefully collating the Caroline 
«© tables of Mr. T. Street (though generally better than thoſe that 
« went before him) as likweiſe thoſe of Tycho, Kepler, Bullialdus, 
„ and our Horrox, with many accurate obſervations of the moon 
carefully made on land; it does not appear that any of theſe 
*< tables do repreſent the motions with the certainty required; and 
though many times the agreement ſeems ſurprizing when the errors 
of the ſeveral equations compenfate one another; yet in thoſe 
parts of the orb where they all fall the ſame way the fault is into- 
„ lerable, and the reſult many times not to be depended on, to 
* more than one hundred leagues; that is to fay it is wholly in- 
“ ſufficient, 

« Yer till this fault is artificis not artis: for obſerving the period 
of the lunar mequalities which is performed in eighteen years and 
eleven days, or two hundred and twenty-three lunations; it is found 
<< that the returns of the eclipſes and other phænomena of the moon's. 
© motion are very regularly performed; ſo that whatever error 
«© you found in a former period, the ſame is again repeated in a ſecond 
under the like circumſtances of the ſame di of the moon from 
the ſun and apogæon. 5 | 

Thus from the obſervation made of the eclipſe of the ſun which 
was June 22, 1666 in the morning ſeen at London and Dantzick, 
] was enabled to predict with great certainty that other which 1 
e obſerved July 2, 1684, by allowing the ſame errer 1 found in the 
<* calculus of the former. And the like with equal certainty will do 
in the caſes extra ſyzygias, when the mean and ſynodical anomolies. 
<< are nearly the ſame about the ſame time of the year. : 

<« Being thus affured from the certainty of theſe revolutions that 
Wall the intermediate errors of our tables were not — 
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drings, but regular faults of the theories; I next thought how I 
might beſt be informed of the quantity and places of theſe defects: 
that being apprized how much and which way my numbers erred, 
I might apply the difference, ſo as at all times to repreſent the 
true motion of the moon. Nor was there any other way but from 
the heavens themſelves to derive this correction, by a ſedulous and 
continued ſeries of obſervations to be collated with the calculus, 

and the errors noted -in an abacus: from whence at all times under 


the like ſituation of the ſun and moon, I might take out the cor- 
rection to be allowed. 


And having by me the ſextant I made to obſerve the ſouthern 


ſtars at St. Helena in the year 1677, I fixed it for this purpoſe 
reſolving to have continued to obſerve till I had filled my abacus, 
ſo as it might have the effect of exact lunar tables, capable to 
ſerve at ſea for finding the longitude with the deſired certainty. 

* With this deſign I applied the leifure I had procured myſelf 
about the year 1683 to obſerve diligently, as often as the heavens 
would permit, the true place of the moon eſpecially as to longi- 
tudez and in the ſpace of about ſixteen months I had got near 
two hundred ſeveral days obſervations, moſt of which I collated 
with the Horroxian theory ( whoſe calculus is ſomething more 
compendious than that of Mr. Street) and having placed the errors 
in an abacus, I perceived how regular the irregularities were, and 


that where the moon had been exactly obſerved formerly at the 
diſtance of one or. more periods of two hundred twenty-three 


months, I could even predict the error of the tables with a certainty 
not much inferior to that of the obſervations themſelves. But this 
deſign of mine was ſoon interrupted by unforeſeen domeſtic occaſi- 
ons which obliged me to poſtpone all other conſiderations to that 
of the defence of my patrimony : and ſince then my frequent avo- 
cations have not permitted me to reaſſume theſe thoughts, 


In the mean time I have taken care to preſent my obſervations 


ſuch as they are to the public, in order to preſerve them; aſſuring 
that as on the one hand they were made with a very ſufficient in- 
ſtrument with all the care and diligence requiſite ; ſo in the remote 
voyages I have ſince taken to aſcertain the magnetic variations, 
they have been of ſignal uſe to me, in determining the longitude of 
my ſhip, as often as I could get ſight of a near tranſit of the moon 
by a known fix'd ſtar: and thereby I have frequently corrected 


my Journal from thoſe errors which are unavoidable in long 


ſea-reckonings. 

If therefore you happen at ſea to obſerve nicely the time of an oc- 
cultation or cloſe application of a ſtar to the moon ; and can find a 
correſpondent obſervation, about the ſame mean anomaly and di- 
ſtance of the moon from the ſun (either among theſe of mine or 
in any other collection of obſervations accurately made) eſpecially 


* near 
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near the ſame time of the year; and above all after the aforeſaid 
<< period of eighteen years and eleven days, you may without ſenſible 
error from thence pronounce in what meridian your ſhip is; ta- 

king care in ſo operoſe a calculation to commit no miſtake; and 
notwithſtanding the direction the moon gives you, not confiding ſo 
much therein as to omit any of the uſual precautions to preſerve a 
ſhip when ſhe approaches the land. 
LI had intended to inſiſt more largely upon this method of obtain- 
ing the moon's place, and by conſequence the longitude at ſea, 
but that I find that it requires a juſt treatiſe too long to be here ſub- 
Joined : and more eſpecially that the great Sir Iſaac Newton ( to 
whom no mathematical difficulty is infoperable) has been pleaſed 
to give us a true and phyſical theory of the moon's motions, where- 
by the defects of all former tables are ſo far amended, that it is 
hoped the error may ſcarce ever exceed three minutes of motion, 
or ſo little in longitude, that perhaps it may be thought a ſufficient 
exactneſs for all the uſes of navigation. If therefore what is here 
offered find a kind acceptance from thoſe that it chiefly concerns, 
I ſhall be encouraged to proceed on a work I have long meditated, 
to improve the abovementioned period, as to the abbreviating the 
computation of eclipſes, and in general to facilitate the too labo- 
rious calculation of the moon's place extra ſyzygias. 1 
Not long after her late majeſty queen Anne was pleaſed to beſtow 
upon the public an edition of the much greater and moſt valuable 
part of Mr. Flamſteed's obſervations; by help of which the great 
Sir Iſaac Newton had formed his curious theory of the moon, a firſt 
ſketch of which was inſerted by Dr. David Gregory in his Aſtronomiæ 
phyſice & geometricæ elementa publiſhed at Oxford, 1702 and 
again in the fecond edition of Sir Ifaac's Principia which came out in 
1713, we have the ſame reviſed and amended by himſelf to that 
gree of exactneſs, that the faults of the computus formed thgfe- 
rom rarely exceed a quarter part of what is found in the beſt lunar 
tables before that time extant. | 

Being thus provided with proper materials, viz. a large ſet of ob- 
ſervations, and a theory of the motions ſo very near the truth, I re- 
ſumed my former deſign of filling up my abacus or ſynopſis of the 
defects of this lunar theory, and —- tables to expedite the calculus 
according thereto, and compared the numbers thereof with many of 
the molt certain of Mr. Flamſteed's places obſerved; By this it was 
evident that Sir Iſaac had ſpared no part of that ſagacity and induſtry 
ſo peculiar to himſelf, in ſettling the epoches and other elements of 
the lunar aſtronomy, the reſult many times, for whole months toge- 
ther, rarely differing two minutes of motion from the obſervations 
themſelves; nor is 1t unlikely but good part of that difference may 
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ſteed had very rarely given himſelf the trouble of obſerving, viz. in 
the third and fourth quarter of the moon's age, where ſometimes 
theſe differences would amount to at leaſt five minutes. 

Mr. Flamſteed was long enough poſſeſſed of the royal obſervatory 
to have had a continued ſeries of obſervations for more than two 
periods of eighteen years; by which he had it in his power to have 
done all that could be expected from obſervation, towards diſcovering 
the law of the lunar motions. But he contented himſelf with ſparſe 
obſervations, leaving wide gaps between, ſo as to omit frequently 
whole months together; and in one caſe the whole year 1716. So 
that notwithſtanding what he has left us muſt be acknowledged more 
than equal to all that was done before him, both as to the number and 
accuracy of his accounts; yet for want of an uninterrupted ſucceſſion 
of them, they are not capable of diſcovering, in the ſeveral ſituations 
of the lunar orbit, what corrections are neceſſary to be allowed, to 
ſupply the deficiencies of our computus. 

. Gn Mr. Flamſteed's deceaſe, about the beginning of the year 1720, 
his late majeſty king George I. was graciouſly pleaſed to beſtow upon 
me the agreeable poſt of his aftronomical obſerver, expreſly 
commanding me to apply my ſelf with the utmoſt care and dili- 
gence. to the rectifying the tables of the motions of the heavens, and 
the places of the fix'd ſtars, in order to find out the ſo much deſired 
longitude at ſea, for the perfecting the art of navigation. Theſe are 
the words of my commiſſion ; and here I might have thought myſelf 
in a condition to put in execution my long projected deſign of com- 
pleating my abacus, or table of the defects of our lunar numbers; 
but on taking poſſeſſion, I found the obſervatory wholly unprovided 
of inſtruments, and indeed of every thing elſe that was moveable, 
which poſtponed my endeavours till ſuch time as I could furniſh my- 
fel with an apparatus capable of the exactneſs requiſite. And this 
was the more grievous to me, on account of my advanced age, bei 
then in my ſixty-fourth year, which put me paſt all hopes of ever 
living to ſee a compleat period of eighteen years obſervation. 

But, thanks to Go o, he has been pleaſed hitherto to afford me ſuf- 
ficient health and vigor to execute my office in all its parts with my 
own hands and eyes, without any aſſiſtance or interruption, during 
one whole period of the moon's apogee; which period is performed in 
ſomewhat leſs than nine years. In this time I have been able to ob- 
ſerve the right aſcenſton of the moon at her tranſit over the meridian 
near fifteen hundred times, (and with an exactneſs, I am bold to ſay, 
preferable to any thing done before) a number not leſs than thoſe of 
the noble Tycho Brahe, Hevelius and Flamſteed, taken in one ſum, 
there being near four of my lunar obſervations for each degree of the 
Zodiac, as alſo for each degree of the argumentum annuum, or di— 
Nance of the ſun from the moon's _ And that theſe might be 
duly applied to rectify the defects of our computations, I have myſelf 


3 com- 
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compared with the aforementioned tables, made according to Sir Iſaac's 
principles, not only my own obſervations, but alſo above cight hun- 
dred of Mr. Flamſteed's. 

This compariſon of my own obſervations ( from the time I efteem 
them compleat) with the computus by the ſaid tables, being now 
continued for above nine years, I deſign ſpeedily to communicate it to 
the public, together with the tables themſelves, which have been 
printed, and ſhould long ſince have been publiſhed, had not my poſt 
at Greenwich given me an opportunity to examine, with proper nicety, 
in what parts of the lupar orb, and how much our numbers erred. 
So uſeful an addition as this, it is hoped may fully anſwer the long de- 
layed expectation ſome perſons may have had of ſeeing the ſaid tables 


ſooner. By means thereof, thoſe that are qualified may, if they 


2 examine by their own obſeryation the truth of what is here 
aſſerted. 

Comparing likewiſe many of the moſt accurate of Mr. Flamſteed , 
made eighteen or thirty-ſix years before (that is one or two periods 
before mine) with thoſe of mine which tallied with them, I had the 
ſatisfaction to find that what I had propoſed in 1710 was fully verified; 
and that the errors of the calculus in 1690 and 1708, for example, dif- 
fered inſenſibly from what I found in the like ſituation of the ſun and 
apogee in the year 1726. The great agreement of the theory with the 
heavens compenſating the differences that might otherwiſe ariſe from 
the incommenſurability and excentricity of the motions of the ſun, 
moon and apogee. | 

Encouraged by this event, I next examined what differences might 
ariſe from the period of nine years wanting nine days, in which time 
there are performed very nearly one hundred and eleven lunations, or 
returns of the moon to the ſun; but the return of the ſun to the 
apogee in that time differing above four times as much from an exact 
revolution as in the period of eighteen years, I could not expect the 
like agreement in that. However, having now entered upon the 
tenth year, I compared what I had obſerved in the years 1721 and 
1722, with my late obſervations of 1730 and 1731, and have rarely 
found a difference of more than one ſingle minute of motion (part of 
which may probably ariſe from the ſmall uncertainty that always at- 
tends aſtronomical obſervation) but moſt commonly this difference 
was wholly inſenſible; ſo that by the help of what I obſerved in 1722, 
I preſume I am able to compute the true place of the moon with cer- 
tainty, within the compaſs of two minutes of her motion, during this 
preſent year 1731, and ſo for the future. This is the exactneſs re- 
quiſite to determine the longitude at ſea to twenty leagues under the 
equator, and to leſs than fifteen leagues in the Britiſh channel. 

It remains therefore to conſider after what manner obſervations of 
the moon may be made at ſea with the ſame degree of exactneſs: But 
ſince our worthy vice-preſident John Hadley, 'Eſq; (to whom we are 
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highly obliged for his having perſected and brought into common uſe 
the reflecting Teleſcope) has been pleaſed to communicate his moſt 
ingenious invention of an inſtrument for taking the angles with great 
certainty by reflection, Tranſact. N* 420. Þ it is more than probable 
+ Vide infra that the ſame may be applied to taking angles at ſea with the deſired 
J. VII. accuracy. 

The longitude IV, 1. - Celeſtial obſervation was made at Buenos Aires on the 
of —_—_ | river of Plate, by Pere Feuillee in his voyage to Peru : 
_ 2 who, in the memoirs for the year 1711, is ſaid to have obſerved there 
obſervation on the 19th of Auguſt 1708 the immerſion of the ſtar in the ſouthern 
made there by foot of Virgo (marked by Bayer with a) behind the obſcure limb 
_— _ of the moon. Being deſirous to ſee what longitude might be deduced 
* from this obſervation, I ſoon found that there was a fault in the day, 
p. 2. Jan. &c. and likewiſe in the ſtar; for that a of Virgo was then nearly in three 
1722. degrees of Scorpio, and the moon would not be there till the next 
day, monday the 2oth of Auguſt; and the latitude of a being about 
half a degree north, the moon at that longitude would be about 
3 degrees more ſoutherly than the ſtar, and conſequently far from 

eclipling it; for that at that time the defcending node was in the ve 
beginning of Libra. Hence I concluded it muſt be ſome other ftar, 
that Pere Feuillee obſerved eclipſed by the moon: the day was cer- 
tainly the 2oth and not the 19th of Auguſt, as was evident by the 
place of the moon; but as to the ſtar, it was neither in the Tyconic 
catalogue, nor yet in'that more copious Britiſh catalogue of Mr. Flam- 
ſteed 3 but turning over that of Hevelius, I found a ſtar whoſe ſitua- 
tion agreed well with the obſervation, and was undoubtedly the ſtar 
that was ſeen to immerge behind the moon: the place Mr, Hevelius 
gives it, allowing the preceſſion of the equinox, was then m 1* 56'5 
with fouth latitude 2® 517. It remained then for me to be aſſured of 
the place of this ſtar, and accordingly on the 21ſt and 24th of De- 
cember laſt, I got ſuch obſervations by help of the circumjacent ſtars, 
that I was aſſured the place of the ſtar, (which is a fair ſtar, of the 
5th'magnitude) was at that time, N 1* 58' 40“ with ſouth latitude 
2* 54'x, being above 2' in longitude, and 3 in latitude, more than 
Hevelius gives it. The hour of this ocultation is ſet down preciſely 
75 38” at Buenos Aires, the latitude of the place being 34* 35 
fouth. Whence the altitude of the moon there was then 420487, and the 
parallactic angle 7 C 38', and the parallax in longitude 40' 11” to the 
welt, and in latitude 9“ 33” to the north. So the moon's obſerved place 
. corrected by parallax was m 2® 28” 4” with ſouth latitude 2 52'S, To 
this place, by the calculus of thoſe numbers I have fitted to our preſident's 
theory of the moon (but which would be improper and too long to be 
here recited”) the moon will be found to have arrived Auguſt the at 
10 57" 36% apparent time at London. But at Buenos Aires it was then 
computed but 7 5* 38*, whence the difference of longitude refalting from 
this obſervation is 3 52' or 58* degrees, by how much. Buenos Aires is 
| more 
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more weſterly than London. By comparing my chart of the variation 
with the longitude thus found, ir appears that in this caſe a ſhip at ſea 
uſing thoſe tables and that chart, would by an obſervation of this oc- 
cultation have fallen with greater exactneſs on the coaſt of America, 
than by any reckoning can be pretended to be done. | 
IV. 2. RO M an obſervation of a lunar eclipſe | taken by Captain 
F Bartholomew Candler at Port-Royal in Jamaica the 18th 
of June 1722, the difference of longitude between Port-Royal and 
Greenwich is 5* 6' 50” or 5 6' 30” welt of London, that is 760 37'+, 
N. 2 Aving lately received a packet of obſervations from Car- 
tagene in America made by Colonel Don Juan de Herre- 
ra chief engineer of that city, I find among them one immerſion of 
the firſt ſatellite of Jupiter into his ſhadow, obſerved there by a tele- 
ſcope of 17 + feet, on April 9. O. S. 1722. at 15 h. 58! 44” apparent 
time; and two emerſions of the ſame, viz. July 5. 11 h. 23' 41”, and 
July 21. 9 h. 42' 17“ O. S. all which tally with obſervations made at 
Wanſted by the rev. Dr. Pound and Mr. Bradley, who obſerved there 
the very next eclipſes to all the three; that 1s to ſay, the immerſion by 
a fifteen foot tube, on April 11. 15 h. 28' 40” temp. æqu. or 15 h. 30! 
25" temp. app. And the firſt emerſion July 7. 10 h. 39“ 28” temp. aq. 
by the reflecter, and 18” after, or 10 h. 39 46” by the 15 foot glais, 
that is 10 h. 54' 12” app. time. The other was obſerved at Wanſted 
July 23. 9 h. 19' 10” temp. æq. both by the reflecter and 15 foot glaſs, 
that is to ſay at 9 h. 13' 35” apparent time, Subſtract from each of 
theſe one period of this ſatellite, or 1 d. 18 h. 28' 36”, and April g. 
15 h. 58' 44” at Cartagene will be 21 h. 1! 49“ of the ſame day at 
Wanſted, and the difference of meridians 5 h. 3' 5”. Likewiſe by the 
firſt emerſion July 5. 11 h. 23' 41” at Cartagene was at Wanſted 16 h. 
25! 36“ of that day, whence the difference of meridians g h. 1! 55", 
But by the laſt emerſion, July 21. 9 h. 42' 17” at Cartagene was 14 h. 
44' 59“ at Wanſted ; whence Wanſted is 5 h. 2' 42” more eaſterly than 
Cartagene : and taking the medium of all three, 5 h. 2* 34” or 752 38' 
may be taken for the true difference of longitude, that is, 75 + from 
London, which compar'd with Capt. Candler's obſeryation of the lunar 


eclipſe in June 1722. f ſhews Cartagene to be about 20 leagues to the 
eaſtward of Port Royal in Jamaica. 


IV. 4. Ale college lies about 8“ or 10' W. from Cambridge in 
N. England . 
IV. 5. Ime of emerſion at London, according 
Aug. 9. 1723. to Mr. Pound's tables, reduced to ap- H ' ” 
parent time — 16 09 25 
Time as it was ſeen at New York 11 10 43 
Difference of meridians =——— — 4 58 42 


I negle&ed to write down the altitudes of the ſun which were taken 
for correcting the clock. 


Aug. 
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Aug. 25. Altit. of the 35 upper limb. * by che clock. 
Sun's declin. E 30 oo 10 17 52 
6* 55' 13 30 10 33 20 
alte aeclin 15 4 — 9 57 40 
6 deg- 33 min. 50 10 


The longitude of Southwick. 


22 
Time of . by Mr. Pound's tables 


Fquation of time to be added — 


Time obſerv'd by the clock — — 


The ſame corrected — 
The difference of meridians — 


ParrT I.. 


04 


This I look upon as the moſt diſtinct and beſt obſervation. 
* by calculat. 


Sept. 10. Altit. of the 9 upper limb. = by the clock. 
4 O 4 " 


Sun's declin. F33 21 09 o oo 
49! 34 06 o 06 or 
So 0.7 77 04 21 40 


x deg- 54min» C15 15 Os 33. 05 
Time of emerſion by the clock September 10 
Time of emerſion by Mr. Pound's tables 


Equation of time to be added — — 

Corrected time at New Vork — 

Difference of meridians — — — 
1724+ June 26. Altit · of the ſun's upper limb. 5 by the clock. 
— 0 1 : + 4 
a de. $50 44 09 48 03 
23 7 60 27 Io 9 40 
Ser deine, J63 31 10 27 43 
22 . 26, 65 21 10 40 oo 


June the 26th, time of immerſion by the clock 
Time of immerſion by Mr. Pound's tables 
Equation of time to be ſubtracted —— 


Time at New York corrected — — 
Difference of meridians — —— 


The mean of all theſe obſervations is 4 h. 58“ 30 
3“ with that obſervation which I thought the moſt exact, and there- 
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58 33 
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04 49 
AT 44 


32 47 
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22 


04 
Time 


H. 
09 
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16 
11 


04 


58 21 


„which agrees to 


fore the longitude of New York is nearly 74 57 _ Weſt from 


London. 
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3 I Llud advertere juvat differentiam inter hunc meridianum ac 

Pariſienſem, minorem jam inventam ac nos antea putaba- 
mus; non quidem novis obſervationibus hic habitis, ſed iiſdem cum 
Pariſienſibus quas modo accepimus, comparatis. Nullas antehac acce- 
peramus, unde dictam differentiam deprehendere certo poſſemus; ſed 
noſtras obſervationes unice contuleramus cum ſupputationibus domini 
Lieutaud, meridiano Pariſienſi accommodatis, in ſuo libello, quem 
Connoiſſance des temps inſcribit, & quotannis academiæ regiæ juſſu, in 
lucem edit. At nimium a vero aberrare illas dignovimus, præcipue 
quæ ad immerſiones atque emerſiones intimi Jovis ſatellitis ſpectant. 
Ipſæ enim obſervationes habitæ in obſervatorio regio, modo duobus, 
modo tribus, modo etiam 4 minutis, ab illis diſſentiunt. En tibi com- 
parationem noſtræ obſervationis lunaris eclipſis, cum obſervatione Pa- 
riſienſi, ab ipſo Maraldo obſervatore, & regio aſtronomo facta; cui 
etiam apponam comparationes immerſionum atque emerſionum quæ 
utrobique fuerunt obſervatæ: omnia genuino idiomate quo fuerunt ad 
me miſſa, Pariſtis. 


Comparaiſon des obſervations de Peclipſe de lune du 1 Novembre 1724, 
faites a Lisbone, & a Paris. 
Quoyque dans cette eclipſe, l'ombre de la lune nꝰ ait point paru ter- 

minee a Lisbone, ny a Paris, ce qui a rendu la determination de ces 

phaſes plus difficiles, cependant la plus part des obſervations s'accor- 
dent ſi bien enſemble, que nous avons cru devoir faire la comparaiſon 

des phaſes principales, qui paroiſſent avoir etè obſervees avec le plus d' 


exactitude, pour en determiner la difference des meridiens entre Lisbone, 
& Paris. 


—_— 
1 47 45 Commencement a Lisbone 
2... 33 20 a Fans 
45 45 Difference des meridiens entre Lisbone & Paris 
2 o 16 L'ombrea Ariſtarque a Lisbone 
2 46 15 a Paris 
45 59 Difference 
2 11 28 a Lisbone l'ombre a Galilee 
20 a Paris | 
44 52 Difference 
2 34 37 a Lisbone Pombre au bord ſeptentrional de la mer 
Caſpienne 
3 20 30 a Paris 
45 53 Difference 
37 17 a Lisbone l'ombre a Proclus 
23 30 a Paris 
46 13 Difference 
a Lisbone Ariſtarque ſort de Pombre- 
14 30 a Paris 
45 28 Difference 
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3 31 34 Tout Copernic eſt hors de Pombre a Lisbone 
4 17 30 a Paris 

46 16 Difference 
3 47 46 Timocharis eſt ſorti de Pombre a Liſbon 
4 33 34 a Paris = 

45 48 Difference 
3 58 59 Platon eſt entierement hors de Pombre a Lisbone 
4 44 23 a Paris 

45 24 Difference 
4 20 36 FindeP eclipſe a Liſbone 
5 6 30 a Paris 

4 Difference 


Suivant ces obſervations la duree de Peclipſe a Liſbone a ete de 2 h. 
32! 51"! plus petite ſeulement de 9 ſecondes qu'elle n'a etẽ obſervee 
a Paris, & la difference des meridiens, qui reſulte des obſervations du 
commencement & de la fin eſt de 453 50“ ce qui s'approche beaucou 
de ce qui reſulte de la comparaiſon des autres taches obſervees a Lil- 
bone, & a Paris. 

Comparaiſon de quelques obſervations des fatellites de Jupiter faites 

a Liſbone, & a Paris. 

Nous avons fait a Pobſervatoire royal de Paris pluſieurs obſervations 
correſpondantes a celles qui nous ont etẽ envoyees de Liſbone, en voici 
la comparaiſon. erate 

H 


Le 3o Juin 1724. a 2 08 51 Immerſion a Liſbone 
2 54 41 a Paris 
45 50 Difference 
Le 2 Sept. 1724. a 9 36 57 Emerſion a Liſbone 
10 22 46 a Paris 
45 49 Difference 
Le 25 Sept. 1724. a 9 59 21 Emerſiona Liſbone 
10 45 05 a Paris 
45 44 Difference 
Le 4 Octobre a 6 26 44 Emerſion a Liſbone - 
7 11 58 1 
14 Difference 
- La plus part de ces obſervations, 8 accordent a donner la difference 
des meridiens entre Liſbone & Paris de 45! 48“ d'heure, ce qui s'ac- 
corde avec toute Pexactitude que l'on peut eſperer, a celle que Pon 
a determinee par Pobſervation derniere de Peclipſe de lune, &c. Ha- 
ctenus dominus Maraldus, cujus obſervationem lunaris eclipſeos ſeorſim 
tranſcribere non vacat; pluribus enim curis ſum diſtentus. 
Si vera eſt prædicta ditferentia, nempe 45! 48“, erit differentia inter 
hunc meridianum Ulyſſi ponenſem, & Londini, 36! %, quam mox 
collatis obſervationibus in utroque meridiano faciendis mel ius examina- 


bimus, certiuſque deprehendemus. | 


IV. 8. Some 
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IV. 8. QOme curious aſtronomical obſervations having lately been - Lisbon 
| communicated to this ſociety from Liſbon, among which — 1 Y. f 
were ſeveral eclipſes of the firſt ſatellite of Jupiter, I was willing to Wanſted and 
examine whether I had made any at Wanſted which tallied with them, London, 4y 
that by comparing ſuch together the true difference of longitude be- % % the 
tween thoſe places might be found. Bur looking over my obſervations — — 
of the firſt ſatellite made laſt year and the beginning of this, I meet the rev. Mr? 
only with two emerſions that were obſerved the ſame night both at Ines Bradley 
Liſbon and Wanſted. There are others indeed made within a few days ig boos 5 
of each other, which may likewiſe be made uſe of to determine the dif- + Vide —— ; 
ference of longitude, but not with the ſame degree of certainty, by rea- C. IV. 
ſon of the irregular motion of the ſatellite, which I preſume chiefly „ XXII. 6. 
| ariſes from the gravity of the other ſatellites towards it. For altho' 
| the effect of the influence that the ſatellites have on each other is moſt 
| remarkable in the ſecond, whoſe motion will ſometimes be accelera- 
ted or retarded thereby, as much as amounts to 30 or 40 minutes in 
time in the ſpace of about ſeven months, or in half the period in which 
| the three innermoſt ſatellites return, to have nearly the ſame poſition 
with reſpe& to themſelves and the ſhadow of Jupiter; yet the .firlt, 
| ſeems alſo liable to inequalities that cannot well be accounted for but 
| from ſome ſuch cauſe as is before mention'd, the effect of which will 
not eaſily be reduc'd to any rule, but from a long and exact ſeries of 
- obſervations. And till ſome better and more certain rule can be found 
out, we may ſuppoſe that the effect produc'd by this cauſe is during 
ſmall intervals proportionable to the time, On this ſuppoſition I have 
compared ſome obſervations with others not made the ſame nights ; 
and the reſult is nearly the ſame as in thoſe which were obſerved at the 
ſame time in both places, as will appzar by the following particulars, 
The immerſion of the firſt ſatellite was obſerved at Wanſted with 
Mr, Hadley's reflecting teleſcope on Augult 4. N. S. 1725, about 43 
after the time of the immerſion as calculated from my tables. By ano- 
ther obſervation made Aug. 29. N. S. the true immerſion preceded the 
calculation from the ſame tables 1' 10” ; ſo that in 25 days the fatellite's 
motion was accelerated as much as anſwer'd to 1' 55 in time, — a 
ſing therefore the acceleration to have been in the ſame proportion 
tween July 28. and Aug. 4. N. S. then the true immerſion July 28. N. S. 
| would have happen'd at Wanſted about 1“ 15“ after the time by the 
tables, which make the immerſion at 12 h. 480 45" app. time, The 
true immerſion therefore was at Wanſted July 28. N. S. 12 h. go! of! 
| app. time; and at Liſbon *twas obſerved at 12 h. 12! 26'! app. time, 
the difference being 37' 34 En 
. Sept. 28. N. S. the firſt ſatellite was ſeen emerging in the reflecter 
at Wanſted 3 50'! ſooner than the tables make the emerſion; and 
the mean of two more obſervations made at the ſame place and wi 
the ſame teleſcope, on the 14th and 16th of Oct. N. S. the true emer- 
ſion preceded thè calculation 4! 30%. We may therefore from hence 
Vor. VI. PART I. B b b conclude 
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gentlemen to whom we are indebted for theſe obſervations, have given 


The longitude of Lisbon, New York Fort. Parr I. 
coneſ de that on Sept. 21. N. S. the true emerſion at Wanſted preceded 


the calculation by the tables about 3! 35!!, and that the true emerſion 


there was at 12 h. 1' 15/! April 1; but this emerſion was obſerved at 
Liſbon at 11 h. 24! 55?', the difference being 36! 20“. 

The obſervations at Wanſted being made with Mr. Hadley's refle&- 
ing teleſcope (by which one may ſee the firſt fatellite near 4 of a minute 
ſooner when *tis emerging, than in a refracting teleſcope of 15 feet, 
and the contrary when *tis immerging) there ought to be ſome allow- 
ance made on account of different teleſcopes made uſe of at Liſbon and 
Wanſted, by deducting 10 or 15” from the difference of time collected 
from the immerſions, and adding as much to the difference deduced 
from the emerſions. Such correction being made, the difference of 
meridians by the immerſion obſerved July 28 will be 37' 20, and 
by the emerſion Sept. 21. 367 35”. 

The emerſion obſerv'd at Liſbon, Decemb. 8. N. S. at 8 h. 327 400 
apparent time, was likewiſe ſeen at Wanſted in a 15 foot tube at 9 h. 


10/56 apparent time, the air being a little hazy, which may probably 


make the difference 37 25! a little too great. 

The emerſion ſeen at Liſbon, Jan. 16. 1726. N. S. at 6 h. 51! 10%, 
which ſeems accompany*d with circumſtances that argue its exactneſs, 
was likewife very well obſerved at Wanſted in a 15 foot tube at 7 h. 
287 22'! apparent time, the difference being 37! 12“. | 

Theſe are the only obſervations among thoſe which were laſt com- 
municated, that I could compare with any degree of certainty with m 
own; but I find others printed in the philof. tranſ. N* 385. F whic 
were likewiſe made by the fame curious perſons, who obſerved an 
emerſion of the firſt fatellite at Liſbon Sept. 2. 1724. N. S. at 9 h. 367 
57%. This was ſeen alſo at Wanſted in the reflecter at ro h. r3' 2817 
apparent time. Hence allowing for the different telefcopes, the diffe- 
rence of meridians is 367 45. | 

This emerſion at Wanſted preceded the calculation by the tables 4! 
40%; and another emerſton obſerved with the ſame teleſcope on Sept. 
18. N. S. preceded the calculation 5! 10. We may therefore ſuppoſe 
that on Sept. 9. N. S. the true emerſion at Wanſted preceded the com- 
puted about 4! 321. The emerſion that day by the tables was at 12 h. 
157 34” app. time; therefore the true emerſion at Wanſted was at 12 h. 
10' 42”. At Liſbon 'twas obferved at 11 h. 34! 26'7. So that al- 
lowing for the difference of teleſcopes, the difference of meridians by 
this obſervation is 3630. Pe | 

The mean of all theſe differences is about 367 58”, from which fub- 
ſtracting 28" for the difference of meridians between London and Wan- 
ſted, the remainder will be the difference of meridians between Lon- 


don and Liſbon, viz. 36'S = 99 %%, Liſbon being fo much to the 


Weſtward of London. This difference of longitude is about 5” + grea- 
ter than what is determin'd in the forementionꝰd tranſaction: but as the 


” 
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us hopes that they will continue to make and communicate more, we 
need not doubt but their exact care and diligence will ſoon enable us to 
judge yet more nicely of the true ſituation of thoſe cities with reſpect 
to each other. 

The ſame tranſaction + containing ſome obſervations of eclipſes of the + Vide fu 
ſame ſatellite made in the fort of New York, communicated by his 5 IV. 5. 
excellency William Burnet Eſq; governor of New York, I ſhall take 
this opportunity of determining the longitude of that fort more exactly 
than it can be ſuppos'd to be there done by the bare compariſon of the 
obſervations with the tables, having two obſervations made at Wanſted 
which tally with two made at New York on Aug. 25. and Sept: 10. 

By the obſervation made Aug. 25. 1723. O. S. which is eſteem'd the 
moſt diſtin and beſt, the ſatellite emerg'd at 9 h. 35' 14 by the clock, 
which went about 1! + too faſt for the apparent time at the emerſton, as 
appears by the altitudes of the ſun's limb taken the morning before 
and after the obſervation ; ſo that the emerſion at New York was at 
9 h. 34“ apparent time; that is, 9 h. 32' 20 mean time. 

Auguſt 27. 8 h. 57' 40” mean time the ſatellite was ſeen emerging at 

Wanſted in the reflecter; and Sept. 12. 7 h. 17' 15” m. t. *twas ſeen 
emerging again in the ſame teleſcope ; ſo that in 15d. 22 h. 19' 35” 
there were 9 emerſions, and the interval between each was about 1 d. 
18 h. 28' 50”. This ſubſtracted from the time of the emerſion obſerv'd 
at Wanſted Aug. 27. will give the true emerſion at Wanſted on Aug. 
25. 14 h. 287 0“ m. t. that is, 4 h. 36 30“ later than it was obſerved 
at New York. 

Sept. 10. 8 h. o! 10“ by the clock another emerſion was obſerv'd at 
New York. From the altitudes of the ſun's limb taken the morning 
before I compute the error of the clock at the time of the emerſion to 
be 1' 10”, and that the emerſion happen'd at 7 h. 59! app. t. that is, 

7 h. 51! 52!! mean time at New York. But ſubſtracting the foremen- 

tion'd interval of 1 d. 18 h. 287 50” from the time of the emerſion ob- 

ſerv'd at Wanſted Sept. 12. 7 h. 17' 15” m. t. we ſhall have the time of 

the true emerſion at Wanſted on September 10. at 12 h. 48” 25” m. t. 

which is 4 h. 56' 33” later than *twas obſerved at New York. The Dif. / long. 
difference therefore of meridians between Wanſted and New Yotk, al- — — 
lowing about 15” for the difference of teleſcopes, is about 4 h. 56' 45”, Tork. 
and between London and New York 4 h. 36 4. So that the true lon- 


gitude of New York from London is 74% 4 Welt. 
IV. 9. fferentia meridianorum Ulyfliponem inter ac Telonem — Of Toulon 
Martium ex pluribus obſervationibus eruta eſt 1 h. o' 2 Lisbon. 


1 
”, ſeu 13˙ 2“ 15”, quibus Ulyſſipo occidentalior eſt Telone 177. — 
t artio. : 3 21 | 
| b. 101. May, 


B bb 2 | IV. 10, Ex 4e. 1726 
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10. V pluribus obſcrvationibus Romæ habitis & U ly ſſipone, 
E eruitur meridianorum differentia 1 h. 28“ O“, ſeu grad. 
22. quæ ſanè differentia aut omnino vera, aut quam proximè 
veritati accedere videtur. 


mo Of Lisbon IV. 


and Rome. By 
Fr. Bianchins, 


. 390. þ p.178. 
Nov. &c. 


aaa. 

— Of Vera 
Cruz. By Mr. 
J. Harris, #. 


p. 389. 
Jane 1728. 


Vide ſupra 
C. IV. 5. 10. 
different 


places compu- 
ted 3 the 


IV. 11. 


I made at 


Y comparing the obſervations of a ſolar eclipſe f which 
4. — Cruz on the 11th of March 1727. with 


a calculation from Mr. Flamſteed's tables, I judg'd Vera Cruz 
to lie 97 30 W. of the meridian of theſe tables. 


IV. 12. Rome and Rome and | Ingelſtad and |St. Quirico and 
Liſbon. Kew. Li  Upminſier. 
H. , "” H. 4 . 1 H. A Me H. , of 
1 24 46 O 45 47 i. 823 -&2 O 47 2 
* 28 34 | 2 I 23 21] Forence and 

1 29 34} Vented. Feta and | Liſbon. 
i e K. Ste 19 43 
. 26 2 [Rome and Up-| O 1 20] Horence and 
1 28 11 r K* l ee Bologre. 
1 ——| Ingolſtad and 37. 
I Kor —5 Bologne. Florence and 
. outhwick in 4 Um 
© 39 48 Northamp- 3 | Upminſter. 
0 40 — ton-ſhire. Ingljtad and e, PIE 4 
o 30 6 58| Paris. | Upninfter and 
> oo 7 Urhizo. and | * 30 $3 Bologne. 
p Len. . 35 | o 43 43 
W * 28 57 | Ingolftad and | Upminſter and 
Ella 27655 
2 Tie. e 37 4 
nase 45 4G} 
St. wirico and Bologne and 
Rome and Bo- |_242 44. Heir 5 bs Löber. 
logne. Paris and | 1 22 20 42 ae a 
© 3 45 | Bologna, |— — 
„e St, Quirico A. Bologne and 
8 Paris. Albano. 
e. 4 41 0 38 321 0 37 40 l o 3 43 
IV 


1. 


Char. VII. The longitude of different plates, 


> 32» 


IV. 23. 
Days of the Time atel. ce wher 
Month. — |Eclip. obſerved. 
— 
Anno Dom. 1721 
h. 4 

Apr. 15 432 im At Rome. 

Jun. 18 8 46 o Em. ilRome. 

"7 [Anno Dom. 1722. 

Jun. 9 13 20 © - 1jRome. 

— 1 9 36 30 E. 1 8 Albano. 

Jul. 1 9 49 10 E. 1iRome. 

— 27] 8 7 30 IE. 1Rome. 

Aug. 19] 8 26 20 [E. 1 Rome. 

Anno Dom. 17 2 23, 

Mar. | 2 17 14 50 I. 1 Rome. 

Apr. 11 15 31 45 [I. 1 Rome. 

May 31515 48 51 Ur Rome. 

an 15 43 © At Ingoli 

| by F.Gram- 
matticL 

— 27] 13 56 oj eme. 

Jun. 5s} 12 16 30 [I. iI Rome. 

— 12 14 11 39 I. 5 

9 11 40 ome 
Jul. 23 4 7 46 © wh 7 4 
Fa. Carbon} 

— zo] 117 20 E. Rome. 

Aug. 8] 7 32 0 E. At Ocricoli in 
via flami- 
nid. 

— 15 9 35 © E. At Aſſiſi i 

| (, Ombria 
9 50 45 rbino. 

Sep. 7 8 21 48 E. Lisbon. 

— 23 8 17 54 E. At Muceria 

% in Ombria. 

Oct. 16] 8 36 10 E. t Albano i 

| | the viiAppia * 
Anno Dom. 1224.1 >" 
Jun. 14 3 28 [Carboni at | 
3 155 56 27 Lisbon. J. I 
ä 13 42 50 Rome. K 
. 15 34 * ome. 
3 EE 8 55.5 [ Lisbon. 

Aug. 10 45 20 1 Rome, but 

| doubtful. 

— 12 40 45 E 1 Rome. 

— 260] 9 6 45 [E. 1 Rome. 

Sep. Iz] 7 30 53 [E. 1 Rome. 

mute = * 9 28 1 1 Rome. 

11 25 55 Rome. 
—. 9 $9 ++: E. Lisbon. 
Ot. 1 9 53 8 1 Albano. 


ys of the Time © tel. ace Where OA 
Month. | ſervation. Eelip. obſerved. EW 
eclipſes o Ju- 
r rom the iter's ſatel. 
Limb of N ies. By S. 
into N ſha- Bianchini «x4 
dow. Albano. others, x. 407. 
Albano. p. 35. Jan. &c, 
Rome. 1729. 
Rome. 
AtpPek. in Chi- 
na, by F. Rog - 
ler the Jeſuit, 
Rome. 
ES 11. * Rome. 
13 32 20 [I. 1[Abano. 
14 55 30 I. I Pekin. 
11245 22C x Rome. 
10 39 355] Mr. Molineux 
| near I. ondon. 
I 10 ho 
115 ++ Lixbon 
g 0 Rome. 
N 1 3 34 50 f [Liebon. 
6 15 15 IE. Rome. 
6 20 30 IE. Rome. 
Anno Dom 172 
13 28 46 Rome. 
[July 1 24 45 1 Ingolſtad. 
1 1 55 Lisbon. 
11 49 © 8. 9 in 
3 8 Tuſc an 
11 41 209 ngolſad. L 
13 36 © iena in Tulſ- 
9 cany. 
C12 13 30 Lisbon. 
15 28 29 Florence. 
4115 8 46 i Lisbon. 
15 29 OF Bologne 
11 54 24 Bian. 1 At 
ir 54 26 an. Bol. 
25] 1156/18, 1]Ingolitad. * 
11 19 55 aris 


Tyr 


4 


I 
20 


4 


10 32 57 


8 41 01 
8 39 20 
8 3 20 


16 7 45 [L 
7.40 30 


6 20 195] 


9 39 25 E. 
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be Hatitude of Vale- college, N. York Fort. Paar . 


drt. By W. 
4 ts 


Burnet d 
u. 385. p. 162. 
G4. Ke. 1724. 
p_ of South- 
wick in the 


2 


G. Lynn 
1 n. 393. 
yg 66. . 


35 J. K Car- - 


county of 
N — 5 2 


bone, #. 394 P 92. May, &c 1726. 


atel. Place Where Bay of thef Time of Ob-JSatel. \Flace where 
* 38 Eclip. | obſerved. | Month. ſervation. JEclip. | obſerved. 
* o 16 Rome. JEC. : 7 56 23 — 3: third be- 
Dec. 5 58. o UE. Bologne. 3b 29 59 26 [E. 1 gan to e- 
f eee Paris. merge. 
anne Dom. 7 31 6 18 54 2 Juſt begun. 
; 8] 6 42 fo [E. 1Rome. 1 — 
gs 15 18 7 . i]Rome. | [Anno Dom. 1727. 
Auguſt. 15 0 8 Rome. an. 9 45 27 Dubi 
vr 5y, 2[Paris. it 53 38 [E. 5 5 ubiows. 
12 ©0'0 Rome. — 51 7 51 54 JE 1 
Sep. Zur 55 15 ll. * 1 — 7 : 54 " 2} 
11 19 43 aris. 1 50 Dons. 
Oct. 15] 10 41 30 JI 1]Albano. * "IN. 7 52 54 3, 2 ae 
8 6 5 54 [I. Albano. — 8 37 59 E. Air chick. 
—. 212 12 U. Ibn. Aug. 21] 13 34 39 1 
8 80 Anno Dom. 1728. : f 85 * bo We 8 
Tan. F 13 13 46 E. 1Rome. 7 IE 40 30 3 
Feb. 9 46 56 E. i Rome. 16 5 45 I 
Mar. 8 32 7 [E. 1jRome. 12 29 42 1 
8 | bs 55 3 3 ** 
J : LI 3 Dubious. 
Obſervations made at the Obſervatory of Bologne : 
by Monſignior Euſtachius-Manfredi. - 3 «- - Dubious. 
[Anno Dom. 1726. [Anno Dom. 1728. wy 
Aug. is 29 © [l. I Dubious. 17] 8 41 8 JE. 3 
— 25] 11 54 24 - e | 16 9 43 11 E. 
ov. 9 35 11 - 1 Dubious. 40 45 [I. a 
Dec. t1 27 45 E. 1 Dubious. 2 *NT 8 50 +4 5 3 Pubious. 
— 1 5 47 4 3 Dubious. | | 
e latitude of V. 1. FO HE latitude of Yale College in Connecticut colony in 
TER | N. England is about 41 North. 
n. HE latitude of New York fort is 40 40. North. 
England. By . n th 
Mr. Tho. Ro- V. 3. H E latitude of Southwick in the county of Northampton 
* . Is 519 58' North. | f 
EET” 'V.. 4: 61 innumeræ circa Ulyſſiponis latitudinem, inſtitui poſ- 
OF N. York ſi 


nt interdiu noctuque obſervationes, non adeò nobis oppor- 

tunum fuit illam citids explorare; inſtrumenta ſiquidem, que hic in- 
venimus, quæque etiam nobiſcum tulimus, etſi ſatis apta ad gradus ac 
minuta prima præter propter dignoſcenda, non tamen ad minuta ea- 
dem certids exploranda, multoque minds ad ſecunda inveſtiganda op- 
rtuna eſſe videbantur. Atque hoc magis, quod non una erat de hu- 
juſce urbis latitudine ſententia quoad minuta prima; quarum quidem 
nonnullæ propius veritati accedebant, ut ex noſtris quoque obſervatio- 
nibus inferre licebat; verùm nulli fidere certò poteramus. Duas tan- 
tum ſententias in medium profero, quarum ſingulæ plurimùm ponderis 
apud prudentes habere poſſent; ni diſcordia inter utramque earum fi- 
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dem imminueret. Altera igitur ſententia eſt cl. ac do. viri Emanu- 
elis Pimentel regii coſmographi, in mathematicis apprime verſati, qui 
multis ac repetitis obſervationibus per umbram rectam gnomonis, cujus 
altitudo pedum 16, ſe inveniſſe teſtatur hujus poli altitudinem 38 48* 
20”, quod in libello quodam MS. ejuſdem authoris legi, in quo & ipſas 
obſervationes fuſè adnotaverat. Altera verò ſententia eſt regiz Pari- 
ſienſis academiz ex obſervationibus domini Couplet, qui Ulyſſiponem 
venit anno 1697, ubi aliquot inſtituit obſervationes ad meridianorum 
differentiam U lyſſi ponenſis ſcilicet ac regii obſervatorii, necnon hu- 
juſce urbis latitudinem inveniendam. Hanc autem ſe inveniſle fatetur 
389 45' 25”, Ut igitur certi aliquid in hac re deprehendere poſſemus, 
expectandum uni r exiſtimavimus, dum aptiora Pariſiis inſtrumenta 
reciperemus; ubi juſſu regis noſtri tum multa alia conficiebantur à 
peritiſſimis artificibus inſtrumenta, tum in primis quadrantes duo aſtro- 
nomici, quorum alter 5, alter 3 pedum Pariſ. nec non ſextans totidem 
pedum. Hæc jam inde recepimus, & multiplici experimento ad truti- 
nam revocavimus, ad prædictam poli altitudinem inquirendam. 
Plurimas fane inſtituimus obſervationes; quarum tamen aliquot hic 

ſubnecto circa ſolis altitudines, præſertim meridianas, vel ſextante, vel 
quadrante aſtronomico trium pedum habitas, poſtmodùm miſſurus alias 
tum prædictis, tum etiam quadrante murali + quinque pedum habendas 
vel circa ſolem, vel circa reliqua aſtra. Juvat verò tum obſervatas al- 
titudines ſolis ſubnectere, tum integras etiam ſupputationes, unde poli 
altitudo deducta eſt. 

Obſervationes altitudinum ſolis meridianarum ad poli elevationem in- 

veſtigandam Ulyſſi p. a 

Sequentium obſervationum aliæ habitæ ſunt in collegio divi Antonii 
Magni, aliz in obfervatorio palatii regii; que ſanè loca, cam in eo- 
dem ſint meridiano, — — ſe differunt, in ſola differunt lati- 
tudine: at verò tanta non eſt differentia, ut ejus habenda ſit ratio in 
his obſervationibus, quibus hujuſce urbis elevationem non adeò ex- 
actè exploratam volo, ut ſecunda quoque graduum inventa affirmem. 
Nov. 24. 172g. | 2 n 
Altitudo limbi ſuperioris ſolis in merid. quadrante aſtro- 


nomico obſervata — 30 56 20 
Refractio propria hujus altitudinis ex tabulis cl. v. Ed- 
mundi Hallein — —eʃ r_28 
Altitudo correcta ejuſdem ltimbi ———— — 30 54 52 
Parallaxis ſolis — — „ 4 
Altitudo vera limbi ſuper ſolemn— — 30 54 56 
Semidiameter ſolis appar.  —— — ʒ¶C . — 16 18 
Altitudo vera centri ſolii ?“; — — 30 38 38 
Declinatio ſolis auſtral. — — — 20 38 82 
Altitudo æquatoris — — FO CT 
Complementum, ſeu latiei ponis—— 38 42 23 
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The latitude of Lisbon. Part I. 

Dec. 5. Altitudo RR limbi ſuperioris ſolis, ſex- * *' ” 
tante obſervata — 0 

Refradtio propria hujus altitudinis ——— — 1 35; 
Altitudo ejuſdem limbi correcta —— — 29 6 335 
Parallaxis ſolis — — — 4 
Altitudo vera limbi ſuperioris folis —— 29 6 39 
Semidiameter ſo lis — 6+; 0786 00 
Altitudo vera centri folis —— 28 50. 19 
Declinatio ſolis auſtraliss — . 4d 108. RA 
Altitudo &quatoris — — 51 17 26 
Complementum, ſeu poli elevatio — 38 42 34 
Dec. 6, Altitudo limbi ſuperioris ſolis ſextante obſervata 29 x © 
Refractio propria hujus altitudinis — ain. 3:0 
Altitudo correcta ejuſdem limb:.i— — 2 59 24 
Parallaxis ſolis — — —_—_— 4 
Altitudo vera limbi ſuperioris — K 28 59 28 
Semidiameter ſolis— — — 16 21 
Altitudo vera centri ſolis —: n 28 43 7 
Declinatio folis auſtralie — 22 34 24 
Altitudo quatoriss— — 8 . ES PE 4 
Complementum, ſeu latitudo Ulyſſip. —— 38 42 29 
Dec. 29. Altitudo limbi ſuperioris ſolis 3 ob- * 
ſervata ds — 28 20 22 

Refractio propria hujus altitudins— — x 22 
Altitudo correcta limbi ſuperioris ſolis — 28 18 43 
Parallaxis ſolis — * e 4 
Altitudo vera limbi ſuperioris ſolis— — 28 18 47 
Semidiameter ſolis — — — — 16 21 
Altitudo vera centri folis —— — — 28 2 26 
— . , nome Wa 1... 
Altitudo æquatoris —— —ʃ¹Z — 81 17 23 
Complementum, ſeu latitudo Ulymp. — — 2. 37: 

Jan. 8. Altitudo limbi inferioris ſolis ſextante ob- 

fervata — .., — — 2 47 10 
Refractio propria hujus altitudinis P $8 
Altitudo correcta limbi-inferiorisſ{olis — — 28 45 33 
Parallaxis folis IE Er PEA 4 
Altitudo vera limbi inferioris folis —— —— 28 45 37 
Semidiameter apparens ſoli— ) 16 21 
Altitudo vera centrifolis — — —— 29 1 58 
Declinatio auſtralis-ſolis . — — —— 22 15 42. 
Altitudozequatoris — 04.7 265: 


Complementum, ſeu latitudo Ulyſſip. — $8. BO 


cu. VII. Tze latituds of Liahon: 


Januaru duas ſolis altitudines ſextante aſtronomico obſervavimus 
ante meridiem, totidemque poſt meridiem, alteras alteris reſpondentes, 
in verticalibus ſcilicet a meridiano æquidiſtantibus; quod ut accuratids 
fieret, addita ſunt altitudinibus pomeridianis ſcrupula convenientia, 
que nimirum/ex-declinatione-ſolis, utcunque minori, refundi debebant 
in ipſam ſolis verticalem altitudinem. Has quidem obſervationes ea- 
tenùs inſt ituimus, ut noſtri horologii pendulo inſtructi vel minimam 
à tempore vero diſcordiam deprehenderemus, ſimulque meridianas li- 
neas, quibus non unis utimur in hoc noſtro collegio, iterùm atque ite- 
rum ad trutinam revocaremus. Utræque verd obſervationes inter ſe 
collatæ, adeò exacte conſenſere in eadem differentia oſtendenda, ut de 
illarum rectitudine non niſi temerè dubitarem. Opportune igitur his 
ipſis obſervationibus uſuros nos duxi ad poli quoque altitudinem ex- 
plorandam; his tribus nempe cognitis, altitudine ſolis, ejuſdem de- 
clinatione, & hora diet, Be 1 

Altitudo ſolis vera ̃ ́— —x w— 
Ejuſdem declinatio auſtralis ——— ;! — 22 8 11 
Tempus verum obſervatæ altitudinis gh. 37 26 

Ex his 1gitur, per calculos trigonometricos, reſultat poli elevatio 
UlyMpone, 38* 42' 24”. | 

term, ex ſecunda obſervatione matutina, n 

- Altitudo vera ſolis - — 25 47 

Ejuſdem declinatio auſtralis — —— 22 8 10 
Tempus verum obſervatz altitudinis ——— 1 4 41 
2 Ex quibus pariter per trigonometriam reſultat poli elevatio Ulyſ- 
. 28% 42" 25". ; * ny 2 
* obſervationibus pomeridianis, in quibus penè omnia ſunt eadem 
atque in obſervationibus matutinis, eadem quoque inferri debebat alti - 
tudo poli, ac proinde novis calculis non fuit opus. | 

Jam verd ex omnium obſervationum complexu, inferre hactenus li- 
cet latitudinem Ulyſſiponenſem in hoc collegio divi Antonii, aut etiam 
in palatio regio obſervatam non excedere 38* 43', nec minorem eſſe 
38% 42“; propiùs verd accedere ad 3842 30”. Quod ſane quampri- 
mum novis atque iteratis obſervationibus certiùs innoteſcet. 

- Aliorum diſſidium in hac elevatione aſſignanda, vel ex aliquo in- 
ſtrumentorum vitio (quod non facile noſtris contingere potuit, cum & 
ura ſint, & grandiuſcula, nec uno ab artifice elaborata, ac tandem 
æpiùs adhibita in idem ſemper conſpiraverint) vel ex locorum diver- 
ſirate, in quibus obſervationes habitz ſunt oriri putaverim. Eſt enim 
Ulyſſipo fatis ampla; & à borea ad meridiem plus una extenditur 
leuca, quæ quidem diſtantia trium, vel quatuor minutorum parere 
poſſet diſcordiam. Accedit ad hæc non exigua difficultas, quam quiſ- 
que, vel peritiſſimus, experiri ſolet in, determinand extremitate um- 
bræ veræ, eademque à penumbri ſecernenda ; quam ſanè difficultatem 
non facile declinaverit clariſſimus vir, de quo ſuperids memini, Ema- 
nuel Pimentel, in ſuis obſeryationibus per umbram rectam gnomonis. 
Vor. VI, PAxr I. | | c c Ac 


20 36 18 


— 


— 
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Continued. 5 


the ſame, n. 
A125 I 728. 


Correctio quadrante — 


The latitude of Labem. Paxrl. 


Ae proinde nec mirom. ſi qua intercedat diverſitas, chm non una ſic 
inſtrumentorum conditio. 
V. 5. Maii g. 1726. 1 


Ltitudo meridiana limbi ſuperioris ſolis — 6 
murali quinque pedun— —— 7 5 


89 


Correctio additiva rantiss(-⸗ — — 10 15 
Altitudo apparens ejuſdem limbbiꝛ eee 15 40 
Refractio — — — — 2 3 
Altitudo correcta, & vera limbi ſuperiors ——— — 14 17 
Semidiameter ſolis apparens — — 15 56 
Altitudo vera centri — — 66 538 217 


Altitudo æquatoris — — — 501 17 45 
Elevatio poli : 171 
Junii 22. Altitudo meridiana limbi ſuperioris ſolis gy — 


quadrante aſtronomico trium 7 

Correctio quadrantis fubtrahenda — 2 37 
Altitudo apparens prædicti limbi — — 75 2 43 
Nefractio — . 5 I 
Altitudo vera limbi ſuperioris ——— —— 75 2 2 
Semidiameter ſolis apparens — — Is 53 
Altitudo vera centri ſolis — — 74 „6 338 
Ejuſdem declinatio bor. — — „ 0 
Altitudo æquatoris⸗ꝛq — TT 17 45 
Elevatio poli — 38. 42 ins 
Aug. 11. Altitudo meridiana Lucidæ Lyrz, phy | 
Correctio quadrantis addit. — — 10 15 
Altitudo vera ſideris — 89 50 30 
Declinatio borealis, ex tabulis cl. v. Joannis Flamſteedii 38 32 55 

titudo æquatoris — — 268 29-126 
Elevatio poli — — 38 42 25 


Aug. 14. Altitudo meridians limbi ſupetioris cord $15, P65. 49 bs 


eodem 1 mural: 


Altitudo apparens eter limbi 4 65 59 28 
Refract ĩo — — 24 


Altitudo vera mbi lupe urs 65 59 4 
Semidiameter apparens folis — — 


Altitude vera — — 


Cuar. VII. The latitude of Lisbon. 


Ge. * 
Sept. 25. Altitudo meridiana limbi ſuperioris ſolis, 


1 quadrante aftrogomico trium pedum 50 47 
Correctio quadrantis ſubtr. 


Altitudo a ens ejuſdem limbi —di — 50 
Refractio * : Ty s 


Altitudo apparens correcta a — — — 50 
Parallaxis — — 


Altitudo vera limbi ſuperioris — 50 43 
Semidiameter ſolis apparens —— — 186 
Altitudo vera centri ſolis — — 30 27 
Ejuſdem declinatio auſtralis — — 50 
Altitudo æquatoris — — 51 28 
Elevatio poli — — — 3 22 


Oct. 27. Altitudo meridiana limbi ſup. ſolis, ſextante 38 40 
Correctio inſtrumenti additiva — —— 6 
Altitudo apparens ejuſdem limbt!t:i ! ——— 38 46 


Ret ract io —— ——— — 1 
Altitudo limbi ſuperioris corr. — 38 45 
Parallaxis — 


Altitudo vera ejuſdem limbi — 
Semidiameter ſolis apparennsns — 

Altitudo vera centri — — 38 ag 5 
Ejuſdem declinatio auſtralis —— —r—rmmnn 48 34 


Altitudo equator 18 0 — 
Elevatio poli — _ 
Altitudo meridiana Fomahautis Aquari ſeu lucidz in lic ro ng 


ore piſeis auſtrini eodem ſextante ——— nt OR 
Correctio inſtrumenti additiva — — 8 7 
Altitudo apparens — 20 © 0 
Refractio — — — 2 26 
Altitudo vera ſideris — —— 20 13 34 
Declinatio auſtralis ex De La Hire —— — 31 3 59 
Altitudo æquatoris — —— G1 17 33 


Elevatio poli —— — — en. 
Ex prædictis obſervationibus, non imprudenter ſtatui pote lati- royal obſerva- 
tudo obſervatorii regii in aula 38 42' ao”, noſtri verò collegu D. An- 45 and St. 


> . 17 Ant / 
an ada — at 
| | - 2 —. oulon. 
V. 6. U per multis accuratiſſimis obſervationibus Telonis Marti ByAnt. Laval, 
| þ latitudo inventa eſt 43 6' 55”. | Mat —* 


7 1 Found the latitude of Vera Cruz (by many diſtant obſerva- — By 
tions made by a quadrant of four foot radius) to be 19% 12' Mr. J. Harris, 
North. 1. 401. 5.388. 


C cc 2 VI. This Jan. &c. 1728. 
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A deſeription and map of Tunis. Par I. 


VI. HIS waits upon you with a | map of the kingdom of Tunis, 

which I have very faithfully laid down according to the ob- 
ſervations I lately made in thoſe parts. From Tunis I travelled as far 
weſtward as Hydra, and from thence went to Toſer paſſing from 
Tegewſe through the lake of Marks, or the palus Tritonia as I take 
it, to Gaps; from Gaps I travelled all the way upon the coaſt to 
Biſerta; but at the ſame time took care to viſit ſuch places within 
land, where I could learn of any ruins or curioſities. I made uſe of a 
ſmall,. but very good mariners compaſs, and found the variation at 
Cairwan 10 degr. weſt; at Biſerta ſomething more than 12. degr., 
and at Algier f find it now to be 30 degr. 30 min. I carried along 
with me likewiſe a braſs quadrant of a foot radius, and took the lati- 
tudes of Tunis, Cairwan, Spetula, Gaffſay Toſer, Ebillee, Gaps, 
Stax, Suſa, Lowharia and Biſerta, with all the exactneſs ſuch an in- 


ſtrument would admit of. As to the longitude, moſt mariners whom 


1 have converſed with, agree within 10 or twelve miles, that the 
diſtance between Algier and the Galetta ( or port of Tunis) is 400 
miles. I have made this voyage four times, and the reckonings we 
made aboard amounted only to 390. I have made therefore the meri- 
dional diſtance-betwixt this place and cape Carthage 350 miles : (al- 
lowing: 48 to a degree of longitude ) for as this whole courſe is not 
upon the ſame parallel, we may very well allow 40 or 50 miles for 
the oblique failing ;- becauſe the courſe is in 37 degr. 20 min. N. lat. 
but Algien lies in 36 degr. 48 min. and the Guletta in 36 degr. 
40 min. 

The civil war which unfortunately broke out in the kingdom of 
Funis when I was preparing to return by land to Algier, difap- 
pointed me of ſeeing ſome few places to the weſtward, and of con- 
tinuing my voyage through Theveſte, Lambeſa, Cirta, Sitifi, &c. 
to Algier. But I intend God willing to take theſe in my, way to 
Italy, and ſhall then loſe no time or opportunity of making what 
further diſcoveries I can in thoſe parts, and of laying before you: the 
geography and antiquities of the Mauritania Cæſarienſis and Siti: 

nſis; of the Numidia betwixt the rivers Ampſaga and Tuſca 
as well as of the Africa propria of Pliny, an __ Bizacium of 
Strabe. and Ptolemy, which I am now going to give you ſome ac- 
count of. | | 

The kingdom of Tunis is bounded to the north and eaſt with the 
Mediterranean ſea, to the weſt with. the kingdom of Algier, and 


do the ſouth with that of Tripoly. It is 230 miles in length from the 


iſle of Gerba, in latitude 33 degr. 24 min. to cape Serra, in latitude 
37 degr. 16 min. and 128 miles in its greateſt breadth from Monaſteer 
to Tibeſa. Sbeka, its utmoſt boundary to the weſt, lies in longitude 
7-degr. 26 min. and Clybea, its utmoſt boundary to the eaſt, in 10 


degr. 47 min. from London. 


Of 


Char. VII. A deſcription and map of Tunis 


Of the modern geographers, Luyts ſeems to have been the beſt 
acquainted with its extent in general, giving it 3 degr. of longitude, 
and (above) 4 degr. in latitude. The Sanſons place it above 3 degr. 
further to the ſouth than it ſhould be, and their error is greater in 
relation to the longitude. Moll places it a few minutes only too far 
to the north, but to the fouth he has extended it beyond the parallel 
of Tripoly, wherein I find he has been followed by Mr. De Liſle 
in his map of Africa, 1722. But a long chain of mountains which 
run in the fame parallel of latitude with Garba, are the limits of Tunis 
and Tripoly. | 

If we take the antients for our guides, we ſhall ſtill find further 
errors and diſagreements. For Ptolemy makes the difference of 
latitude betwixt Carthage and Gaps, almoſt the two extremities of 
the kingdom, to be only 1 degr. and 30 min. (previded the Italian 
copy I make uſe of be correct). The like diſtance he puts between 
Gaps and Toſer, making thereby the latter 110 miles more to the 
ſouth ; whereas I found it 18 miles more to the north. Thus again 
he places Gaffſa in latitude 29 degr. 45 min. and Gaps in 30 degr. 
30 min. making Gaps a great way to the north; whereas the courſe 
from Gaffſa to Gaps, is near 80 miles ſouth-eaſt > not to ſpeak of his 
placing Carthage, and ſo reſpectively of other places, too far to the 
fouth by near 4 degr.. 30 min. or 270 miles. The like errors may 
be obſerved as to his difference of longitude of particular places, and 
as to his ſcale of longitude in general, which he places at leaſt 10 degr. 
too far to the eaſt. | 

The Antinine itinerary. will alſo admit of ſeveral doubts and con- 
tradictions, as Ricciolus has already obſerved, Geogr. p. 74, and 
therefore is not to be altogether depended upon; though it muſt ſtill 
be allowed to be a much better conductor than Ptolemy: Thus the 
author of the itinerary makes it to be 216 miles from Suffetula, I 
preſume by the way of Adrumettum to Clypea, thereby making 
Clypea 111 miles from Adrumettum ; whereas in another place in his 
Maritime itinerary, he only makes a difference of about 44 miles or 
350 furlongs. And again he makes the direct road from Carthage 
through Laribus and Theveſte ro Cirta, to be 332 miles x but the 
road by Hippo Regius or Bona which ſhould be further, only 312. 
So that great caution is to be obſerved in following that au- 
thority. e £1. 45 HT ETD 

Pliny is not ſo particular as either Ptolomy or the itinerary. He 
lays down. things in general, and therefore can give but little light 
and aſſiſtance to a traveller, in pointing out to him the antient boun- 
daries, or the particular cities of this kingdom: His alphabetical 
collection of towns has but little inſtruction in it, and where he would 
ſeem to follow ſome order and method, as in naming the towns along 
the coaſt of Bizacium, he places Adrumettum and Ruſpina after: 
Leptis; thereby inſinuating, as if Leptis lay at a greater di 
| om: 
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Of an inſirument for taking angles. Parr, I. 


from the leſſer Syrtis; the contrary to which is proved eaſily from 
Hirtius and other authors. And if with Cluverius, &c. we ſhould 
make the Africa of Pliny, comprehending even the two provinces of 
Zeugitana and Bizacium, to be the kingdom of Tunis, we ſhall meet 
with great difficulties in the geography, eſpecially of Bizacium, which 
is the ſouthern, and ought to be the greater part of it. For as Pliny 
makes it only 250 miles in circuit, and to extend from Adrumettum 
or Hercla north to Sabrata or to'Gaps only or Tacape ſouth, we ſhall 
find that this number of miles will not be ſufficient to meaſure the 
coaſt twice over, and therefore can lay no claim at all to any part of 
the continent. But how far ſhort ſoever this calculation may be of 
the truth, it ſeems very probable that the province of Hadrumettum 
as deſcribed by Ptolemy, how faulty ſoever he may be in particulars, 
is the Bizacium which we look after, and that it included the Blaide cl 
Gereed or country of dates, which Pliny and the author of the 
itinerary ſeem to have known nothing of or not to have regarded. 
For Ptolemy's Uſulitanum, T'urza, Zugara, cities ſtill preſerving 
their old names, and near upon the ſame latitude with Adrumettum, 
continue to remain its boundaries to the north; as Toſer and Gaps, 
the Tiſuro and Capi or Tacape of the antients, do to the ſouth ; 
while Teney and Gaffſa, or the antient Thæne and Capſa, determine 
the midland continent. And in this ſituation, f Strabo ſeems to place 
his Bizacũ ; and at the ſame time makes the country of the Cartha- 
gininians to be only che Zeugitana of Pliny, contrary to the opinion 
of ſome geographers, who give it a much greater extent. However 
the Zeugitana, or the greater part of it at leaſt is ſtill called Fregea 
or Frikæa by the Arabs; and as this is without doubt a corruption 
of its ancient name, ſo the tradition of it through ſo many ages, may 

haps be a ſtronger argument that this was the Africa properly 
Be d of Pliny, or the province of Africa by way of eminence, 
than moſt of the geographical reaſons which have hitherto appeared 
to the contrary. der nt 12 10 

The kingdom of Tunis then contains the Africa propria of Pliny, 
with the Bizacium of Strabo, or the province of Hadrumettum of 
Prolemy, to which we are like wiſe to add ſo much of Numidia as lies 
half a day's journey, or ſix leagues weſt of Keff; for Keff or Sicca 
Venerea is now part of theſe dominions, and which Ptolemy and 
Pliny place in Numidia, though it is almoſt in the ſame meridian with 
the river Tuſca. 14 58 | 
VII. HE inſtrument is deſign'd:to be of uſe where the motion 
; of the objects or any circumſtance occaſioning an unſteadi- 
neſs in the common inſtruments, renders the obſervations difficult or 


uncertain. 


+ Supra Syrtes Pfyllos atque Naſamones atque Getularum aliquos: deinde Syrtas & 
Byzacios uſque ad —— 2 enim oft mla Strab. Geogr. I. 2. 
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Cnar. VII. Of an inſtrument for taking angles. 383 


The contrivance of it is founded on this obvious principle in catop- 
trics: that if the rays of light diverging from or converging to any 
point be reflected by a plane poliſh'd furface, they will after the re- 
flection diverge from, or converge to another point on the oppoſite 
ſide of that ſurface, at the ſame diſtance from it as the rl. and 
that a line perpendicular to the ſurface paſſing through one of thoſe 
aeg Ar through both. Hence it follows that if the rays of 
light emitted from any point of an object be ſucceſſively reflected from 
two ſuch poliſh'd ſurfaces; that then a third plane perpendicular to 
them both paſſing through the emitting point, will alſo paſs through 
each of its two ſucceſſive images made by the reflections: all three 

ints will be at equal diſtances from the common interſection of the 

ree planes; and if two lines be drawn through that common inter- 
ſection, one from the original point in the object, the other from that 
t of it which is made by the ſecond reflection; they will compre- 

2 angle double to that of the inclination of the two poliſh'd 
Let RF H and R Gl repreſent the fe&ions of the plane of the Fig. 194. 
figure by the poliſh'd ſurfaces of the two ſpecula B C and DE erected 
perpendicularly thereon meeting in R, which will be the point where 
their common ſection perpendicular likewiſe to the ſame plane paſſes 
it, and H RI is the angle of their inclination. Let AF be a ray of 
light from any point of an object A falling on the point F of the firſt 
ſpeculum B C and thence reflected into the line F G, and at the point 

of the ſecond ſpeculum DE reflected again into the line G K, pro- 
duce G-F and K G backwards to M and N, the two ſucceſſtve repre- 
fentations of the point A; and draw RA, RM, and RN, 

Since the point A is in the plane of the ſcheme, the point M will be 
fo alſo by the known laws of catoptrics. The line FM is equal to 
F A, and the angle MF A double the angle HF A or MFH; conſe- 
quently RM is equal to RA, and the angle M R A double the angle 

RA or M RH. In the fame manner the point N is allo in the 

lane of the ſcheme, the line RN equal to RM, and che angle M RN 

ouble the angle MRI or IRN: ſubſtract the angle M RA from 
the angle M RN, and the angle A RN remains equal to double rhe 
difference of the angles M RI and M RH, or double the angle H RI, 
by which the ſurface of the ſpeculum DE is reclin'd from that of 
BC; and the lines RA, RM and R N are equal. 

Corel, 1. The image N will continue in che ſame point; although 
the two ſpecula be turn'd together circu on the axis R, ſo long 
as the point A remains elevated on the ce of B C: provided they 


retain the fame inclination. | 
_ Coroll, 2. If the eye be plac'd at L, (the point where the line a>. © 
A F continued cuts the line GK; the points A and N will appear to 
it at the angular diſtance A LN, which will be equal to A RN: 
For the angle AL N is the difference of the angles FG N and GF L.; 
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/ an inflrument for taking angles. Paxr I. 


and F GN is double FGI;z and GFL double GFR, and conſe- 
quently their difference double FRG or HR I: therefore L is in 
the circumference of a circle paſſing through A, N, and R. 

Coroll. 3. If the diſtance AR be' infinite, thoſe points A and N 
will appear at the ſame angular diſtance in whatever points of the 
ſcheme the eye and ſpecula are placed, provided the inclination of 
their ſurfaces remain unalter*d, and their common ſection parallel to 
iel | 

Coroll. 4. All the parts of any objects will appear to an eye viewing 
them by the two ſucceſſive reflections as before deſcribed, in the ſame 
ſituation as if they had been turn'd together circularly round the axis R, 
keeping their reſpective diſtances from one another, and the axis with 
the direction H I, 1. e. the ſame way the ſecond ſpeculum DE reclines 
from the firſt BC. | 
.  Coroll, g, If the ſpecula be ſuppos'd to be at the center of an infinite 
ſphere, objects in the circumference of a great circle, to which their 
common ſection is perpendicular, will appear remov'd by the two re- 


flections, throꝰ an arch of that circle, equal to twice the inclination of 


the ſpecula as is before ſaid. But objects at a diſtance from that circle 
will appear remov*d thro? the ſimilar arch of a parallel: therefore the 
change of their apparent place will be meaſur'd by an arch of a great 
circle, whoſe chord is to the chord of the arch equal to double the 
inclination of the ſpecula, as the ſines complements of their reſpective 
diſtances from that circle are to the radius: and if thoſe diſtances are 
very ſmall the difference between the apparent tranſlation of any one of 
theſe objects, and the tranſlation of thoſe which are in the circumference 
of the great circle aforeſaid, will be to an arch equal to the verſed ſine 
of the diſtance of this object from that circle, nearly as double the ſine 
of the angle of inclination of the ſpecula is to the ſine complement of 
the ſame. ; oh | | SE. b | 

The inſtrument conſiſts of an octant ABC, having on its 
limb BC an arch of 45 degrees divided into 9o parts or half degrees, 
each of which anſwers to a whole degree in the obſervation. It has 
an index ML moveable round the center, to mark the diviſions : and 
upon this near the center is fix*d a plane ſpeculum EF perpendicular 
to the plane of the inſtrument, and making ſuch an angle with a line 
drawn along the middle of the index, as will be moſt convenient for 
the particular uſes the inſtrument is deſignꝰd for; (for an inſtrument 
made according to fig. 195. the angle LM F may be of about 65 
degrees.) IK GH is another ſmaller plane ſpeculum, fix'd on ſuch” 
part of the octant as will likewiſe be determin'd by its particular uſe, 


and having its ſurface in ſuch direction, that when the index is brought 


to mark the beginning of the diviſions (1. e. oo) it may be exactly paral- 
lel to that of the other, this ſpeculum being turn'd towards the obſer- 
ver, and the other from him. PR is a teleſcope fix*d on one fide of 
che octant having its axis parallel to that ſide, and paſſing — 
| middle 


2 


Char. VII. Of an inſtrument for taking angles. 


middle of one of the edges IK or IH of the ſpeculum IK GH, fo that 
half its 8 may receive the rays reflected from that ſpeculum, 
and the other half remain clear to receive them from a diſtant object. 
The two ſpecula muſt alſo be diſpos'd in ſuch manner that a ray of light 
coming from a point near the middle of the firſt ſpeculum, may fall on 
the middle of the ſecond in an angle of 70 degrees or thereabouts, and 
be thence reflected into a line parallel to the axis of the teleſcope, and 
that a clear paſſage be left for the rays coming from the object to the 
ſpeculum EF by the ſide HG. ST 1s a dark glaſs fix'd in a frame 
which turns on this pin V, by which means it may be plac'd before the 
ſpeculum EF, when the light of one of the objects is too ſtrong : of 
theſe there may be ſeveral. 

Fig. 196. In the diſtin& baſe of the teleſcope, repreſented by the 
circle a bed e, are placed three hairs, two of which ae and bd are at 
equal diſtances from, and parallel to the line g h, which paſſes thro? the 
axis, and is parallel to the plane of the octant: the third f c is perpen- 
dicular to gh thro? the axis. 

The inſtrument as thus deſcribed will ſerve to take any angle not 
greater than go degrees; but if it be deſign'd for angles From 90 to 
180 degrees, the poliſh'd ſurface of the ſpeculum EF (fig. 195.) muſt 
be turn'd towards the obſerver ; the ſecond IK GH mult be brought 
forward to the poſition NO, . ſo as to receive on its middle the rays of 
tight from the middle of the firſt in an angle of about 25 degrees, their 
ſurfaces being perpendicular to one another when the index is brought 
to the end of the divided arch next C; and this ſecond muſt ſtand five 
or fix inches wide of the firſt, that the head of the obſerver may not 
intzrcept the rays in their paſſage towards it, when the angle to be ob- 
ſerv'd is near 180%. The ſmaller ſpeculum is fix'd perpendicularly on 
a round braſs plate tooth'd on the edge, and may be adjuſted by an 
endleſs ſcrew. 

In order to make an obſervation, the axis of the teleſcope is to be 


directed towards one of the objects, the plane of the inſtrument paſſing 


as near as may be thro' the other, which mult lie to that hand of the 
obſerver as the particular form of the inſtrument may require, viz. the 
ſame way that the ſpeculum EF does from IKGH, if it be compo- 
ſed according to this figure and deſcription. The general rule is, that 
when the index is brought to the beginning of the ſcale (i. e. to o when 
the inſtrument is for angles under 90® or to 90 when it is for angles 
from 9o® to 180) if then a line be imagin'd drawn on it parallel to the 
axis of the teleſcope, ſo as to point at the object which is ſeen directly 
which ever way this line is carried by moving the index along the 
arch from o towards 90 in the firſt caſe, or from 90® towards 180 
in the ſecond; the ſame way the object ſeen by reflection ought to lie 
from that which is ſeen directly. The obſerver's eye being applied to 
the teleſcope ſo as to keep ſight of the firſt object, the index muſt be 
moved backward and . till the ſecond object is likewiſe brought 
Vor. VI, PARr I. D d d to 
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to appear thro? the teleſcope, about the ſame diſtance from the hair c 
(fig. 196.) as the firſt : if then the objects appear wide of one another, 
as at i and æ, the inſtrument muſt be turn'd a little on the axis of the 
teleſcope till they come even, or very nearly ſo, and the index muſt be 
remov d till they unite in one, or appear cloſe to one another in a line 
parallel to c, both of them being kept as near the line g h as they 
can. If the inſtrument be then turn'd a little on any axis perpen- 
dicular to its plane, the two images will move along a line parallel to 
g b, but keep. the ſame poſition in reſpect of one another; ſo that in 
whatever part of that line they be obſerv'd, the accuracy of the ob- 
ſervation will be no otherwiſe affected than by the indiſtinctneſs of the 
objects. If the two objects be not in the plane of the inſtrument, but 
equally elevated on or depreſs'd below it, they will appear together at 
a diſtance from the line gh, when the index marks an angle ſomething 
greater than their neareſt diſtance in a great circle: and the error of the 
obſervation will increaſe nearly in proportion to the ſquare of their di- 
ſtance from that line, but may be corrected by help of the fifth corol- 
lary. Suppoſe the hairs ae and þ4, each at a diſtance from the line gh, 
equal to t of the focal length of the objeft-glaſs, ſo as to compre- 
hend between them the image of an object, whoſe breadth to the na- 
ked eye is a little more than 2*2.; and let the images of the objects ap- 
pear united at either of thoſe hairs: then as the ſine complement of half 


the degrees and minutes mark'd by the index is to the doubled fine of 


the ſame, ſp is one minute to the error which is always to be ſubſtract- 
ed from the obſervation. Other hairs may alſo be plac'd in the area 
abcdef parallel to gh, and at diſtances from it proportional to the 
ſquare roots of the numbers 1, 2, 3, 4, &c. and then the errors to be 
ſubſtracted from the ſame obſervation made at each of thoſe hairs re- 
ſpectively, will be in proportion to the numbers 1, 2, 3, 4, &c. This 
Jen = will always be exact enough if the obſerver take care (eſpe- 
cially when the angle comes near 180?) to keep the plane of the inſtru- 
ment from varying too much from the great circle paſſing thro! the 
objects. And when the angle is very near 1800 the correction may be 
omitted: for then'it will be caſy to keep the inſtrument near enough to 
the great circle before mention'd not to want any, if the ſituation of 
that circle be known; and if it be not, the obſerver, when he ſees the 
two objects together, may turn the inſtrument on the axis of the tele- 
ſcope till he finds that poſition of it by which he obtains the leaſt angle. 

In regard to the workmanſhip, if an exactneſs be required in the 
obſervations, the arch ought to be divided with the greateſt care, be- 
cauſe all errors committed in the diviſion are doubled by the reflections. 
The index muſt have a ſteady motion on the center, ſo that the axis of 
it remain always perpendicular to the plane of the octant; for if that 
alter it will be liable to vary the inclination of the ſpeculum it carries 
to the other: the motion muſt likewiſe be eaſy leſt the index be ſubject 
to bend edge - ways: for the ſame reaſon it ſhould be as broad at 2 
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end next the center as conveniently can be. The ſpecula ſhould have 
their ſurfaces of a true flat, becauſe a curvature in either of them, beſide 
rendring the object indiſtin&, will vary its poſition when ſeen by 
reflection from different parts of them: they muſt alſo be of a ſufficient 
length and breadth for the teleſcope to take in a convenient angle with- 
out loſing the uſe of any part of.the aperture of its obje&t-glaſs, and 
that in all the different poſitions of the index. They may be either of 
meta], or glaſs plates foil'd, having their two ſurfaces as nearly pa- 
rallel as they can; yet a ſmall deviation may be allow'd, provided ei- 
ther their thickeſt or thinneſt edges (and conſequently the common ſe- 
ction of their ſurfaces) be parallel to the plane of the octant: for in that 
caſe, tho? there are ſeveral repreſentations of the object they will be al- 
ways very near one another in a line parallel to cf; and any of them 
may be uſed, except when the angle to be obſerved is very ſmall. 
The chief inconvenience will be, that a ſmall ſtar will be more diffi- 
cultly diſcerned, the light being divided among the ſeveral images. 
The teleſcope may be contrived to alter its ſituation, ſo as to receive 
the reflected rays on a greater or leſs part of its object-glaſs, if the ob- 
jects differ in brightneſs. If the ſecond ſpeculum be of glaſs it may 
have a part unfoil'd, that when the object ſeen by reſlection is ſuffici- N 
ently luminous, the leſs bright may be ſeen through it by the | 
whole aperture. If the ſun be one of the objects, or the moon be com- 

pared with a ſmaller fix'd ſtar, their reflected images muſt be ſtill farther 

weaken'd by the interpoſition of one or more of the dark glaſſes ST. An 

exact poſition of the teleſcope is not neceſſary, and the inſtrument may be 

uſed without one; the diſpoſition of the ſpecula with regard to the ſe- 


ctor and index being ſuch as may allow the eye to be brought as near 
the ſecond ſpeculum as may be, and make the inſtrument the moſt 
commodious for the obſerver. 

It will be eaſy to judge that ſcarce any greater degree of ſteadiffeſs 
is requiſite in the pedeſtal or machine which carries this inſtrument, 
than what is ſufficient for the teleſcope usd with it: for altho* the vi- 
brating motion of the inſtrument may occaſion the images of the ob- 
jets alſo to vibrate croſs one another, their apparent relative motion 
will be very nearly in lines parallel to cf; and it will not be difficult 
to diſtinguiſh whether they coincide in croſſing one another or paſs at a 
diſtance : and if the objects are near one another, and the jerp0's 
magnify but about four or five times, it may be held in the hand with- 
out any ſtanding ſupport. In this manner the altitude of the ſun, moon, 
or ſome of the brighter ſtars from the viſible horizon may be taken at 
ſea when it is not too rough. - 

Fig. 197. ſhews an inſtrument deſign'd for this purpoſe differing Fig. 197. 
from the foregoing deſcription chiefly in the placing the ſpecula and 
teleſcope, with regard to the ſector and index; in this the line drawn 
along the middle of the index from its, farther end, falls on the fore” 
ſurface of the larger ſpeculum in _— of about five degrees. = 

2 ＋ me 


388 


net bod for 


rotofg men of 


__ wan. in a calm. 
By Mr. du 


Wet, x. 369. 


L. 239. Sept. 
4. 4731. 


( 


A method for rowing men of war in a calm. Part B. 


line of direction of the ſight, or axis of the teleſcope (if that be uſed} 
falls on the ſpeculum IK GH in an angle of about 70. It has alſo a 
third ſpeculum N O diſpos'd according to the directions when the 
angle is greater than go deg. whoſe uſe is to obſerve the ſun's altitude 
by means of the oppoſite part of the horizon; on this the line of dire- 
ction of the ſight falls in an angle of 32 or 33 deg, In placing theſe 
two ſmaller ſpecula it will be farther neceſſary to take care that the 
ſpeculum IK G H do not ſtand fo as to intercept any of the rays coming 
rom the greater one fix d on the index to the third NO, nor either 
of them hinder the index from coming home to the end of the di- 
vided arch. WQ is a director for the ſight, which is neceſſary when. 
the teleſcope is not made uſe of. This conſiſts of a long narrow. piece, 
which ſlides on another fix*d on the back of the octant, and carries at 
each end a ſight erected perpendicularly on it: it may be remov'd at 
Pleaſure and exchang'd for the teleſcope, which ſlides on in the ſame 
manner, both ſerving indifferently with either of the two ſmaller ſpe- 
cula. The eye is to. be plac'd cloſe behind the ſight at W, and the 
thread ſtretch'd acroſs the opening of the other ſight at Q perpendi- 
cular to the inſtrument is to aſſiſt the obſerver in holding it in a vertical 
poſture, who is to keep this thread as near as he can parallel to the ho- 
riæʒ on and the object near the upright one. How far an inſtrument 
of this kind may be of uſe at ſea to take the diſtance of the moon's. 
limb from the ſun or a ſtar, in order to find the ſhip's longitude, 
when the theory of that planet is perfected, I leave to trials to de- 
termine. ; 
VIII. I Flatter my {elf to have found an invention by which a man 
of war may make a league an hour in a calm; and that is, 
by means of .revolving oars applied to the ſhip's ſide. As theſe oars. 
take the water perpendicularly, they have by far the advantage of 
the eommon inclined oars in many. reſpects : for they may be made to. 
enter far enough into the water never to miſs the ſtroke; and if they 
ſhould, yet the rowers would not be fo much ſtrained nor tript up for 
want of reſiſtance, which often happens in uſing the common oars when: 
the ſea is rough: again, theſe perpendicular oars are work'd by a conti- 
nual application of force in the ſame direction, whereas the other acts. 
by jerks, whilſt more than half the time and force is loſt in recovering 
the oar, at the ſame time that the crew by falling back all together make 
the Veſſel plunge, and render its motion oblique, which contributes 
very much to its decay. ä 
Theſe are not the only defects of the common oars; for in order to- 
augment their force the number is to be increas'd, and conſequently. 
the veſſel. muſt have a greater length; by which means it is render'd 
weaker and jeſs able to reſiſt the force of the ſea. Beſides the veſſel. 
muſt be law-huilt,. and uncover'd, (and ſo. more expos'd to the beat- 
ing in of the waves) by reaſon they are obliged to proportion the 
length of, the oar to the ſtrength and ſize of. the men. But both theſe. 
0 3 incon- 
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inconveniencies are avoided by the perpendicular oars; becauſe the 
addition of force may be obtain*'d by only applying more hands to the 
machine; ſo that with two or three machines on a ſide, there will be 
more or leſs force in proportion to the number of men employ'd, and 
the length of the veſſel may be lefſen*d at diſcretion. And to guard 
againſt the ſea another deck may be made, ſhut cloſe on all ſides even 
where the axis of the machine paſſes through. 

Such a veſſel would have ſeveral advantages above a galley both in 
failing and in fight; not to mention the conveniencies of lodging the 
crew. She may put off to ſea any where, and thereby avoid the 
dangers attending the coaſt-winds, which gallies find to be a head 
as ſoon as they have doubled certain capes; and ſo are caught 
between two winds, which there would be no danger of farther 
out at ſea. With refpe& to fight, ſhe may mount cannon fore and 
aft, and on each ſide; and even mortar-pieces. In time of battel ſhe 
would be of wonderful uſe ; for ſhe would take and maintain her poſt 
without aſſiſtance, either at the head or the rear of the enemies line, 
and there make uſe of her bombs: beſides the advantages of towing off 
other veſſels from their danger in a calm, and of boarding or making off 
from the enemy. And this holds in ſhips of any rate; provided the 
tength of the oars, the breadth of the pallets, and the ſtrength of the 
handſpikes be oe dae And the moving force will always be in 
proportion to the ſtrength and number of the men employ'd, and not to 
the number of machines as in the common oars, which are alſo impracti- 
cable in ſhips above the fourth rate, by reaſon of their great length, which: 
will be difproportionate to the ordinary bulk of a man. By this means 
the crew will be free from the fatigue of towing , and the veſſel will 
move incomparably faſter than if it was towed ; becauſe the chaloups 
which tow are fubje& to the inconveniencies of the common way of 
towing, by loſing two thirds of the time; and beſides they can't act 
all together: amd the veſſel that is towed, pulling them back after 
the oar has made its ſtroke, they have ſo much of the ſpace to regain 
by the next ſtroke. Further, the cable by which they tow ſinking into 
the water by its own gravity, the reſiſtance the water makes to its 
return is to be overbalanced; all which circumſtances together con- 


ſiderably diminiſh the towing force. Add, that this invention is not ſuch 


as is deſtructive to mankind, and becomes uſeleſs to the nation that firſt 
puts it in practice when generally known; on the contrary, it may be 
greatly advantagious to the inventors at the beginning, and every 
where ſerviceable on many occaſions. But the chief advantage and 
which includes all the reſt is, that let a veſſet crowd as much foil as 
poſſible, the perpendicular oars are always capable of increaſing her 


twiftneſs, becaufe the rowers have only a motion of three foot to». 


make one way, and as much the contrary way, in order to make the 


oars deſcribe four and fifty foot fpace in the water, and that mo- 


tion of ſix foot might be perform'd. in two ſeconds of time if the oars: 
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met with no reſiſtance; conſequently the veſſel muſt run four and 
fifty foot in two ſeconds, that is about ſix leagues an hour, before 
thoſe reyolving oars be unſerviceable, for then the veſſel would go as 
faſt as the oars could poſſibly move with a diameter of eighteen foot; 
and if it were neceſſary it is but Jengthning their diameter, and they 
would move ſo much the faſter, without obliging the rowers to increaſe 
their own motion. | 3 
IX. I. Aving for ſeveral years applied my ſelf to the improve- 
| ment of navigation, I have fallen on various projects 
as well for the better clearing a ſhip off a lee-ſhore, as for her ſteer- 
ing, tacking, or waring, &c. which I may n ſoon publiſh to 
the world: but what has moſt of all employ'd my thoughts, has been 
to contrive ſomething to aſcertain the way of a ſhip in the ſea, more 
correctly than by the log; by means of a regular motion un- 
der water; communicated to a dial or piece of clock-work within. 
the ſhip. g 
After variety of experiments, I was at laſt ſo happy as ro anſwer 
my purpoſe in ſome meaſure ; and in 1715 I furniſhed my ſelf with a 
boat, and all the materials neceſſary for my deſign. Daily was I on 
the river Thames making experiments; but not being fully ſatisfied 
of their certainty, I reſolved to try it on a ſtanding-water. Ac- 
cordingly I obtained a liberty ſeveral times of having. a boat on the 
canal in St. James's park, where I demonſtrated to ſuch curious 
perſons as favoured. me with their company the uſefulneſs of ſeveral 
inſtruments; for we there fixed two poles for marks, and notwith- 
ſtanding I many times alter'd the motion of my boat, by ſometimes 
rowing faſt and at other times low, yet had my machine under water 
the ſame number of revolutions between the marks. It may perhaps 
be aſk*'d, how I came to be aſſured that the revolutions of the engine 
under water are regular let the motion. be ſwift or flow, and that they 
anſwer the ſame aiRance ? I will not yet ſay that this admits of ſo clear 
a mathematical proof as any propoſition in Euchd ; however I have 
mechanically found it ſo in a great variety of experiments; and that 
every turn. or revolution of the engine under water juſt meaſures 10 
feet. | 
The. firſt mover of this machine, is in the form of the letter Y, and is 
made of iron or any other metal: at each end of the lines which con- 
ſtitute the angle or upper part of that letter, are two pallets not much 
unlike the figure of the log ; one of which falls in the ſame proportion. 


as the other riſes. The falling or pendent pallet meeting a reſiſtance. 


from the water as the ſhip moves, has by that means a circular motion 
under water, which is faſter or ſlower according as the veſſe] moves. 
This motion is communicated to a dial within the ſhip (which is fix'd 
either in the maſter's cabin or any other proper 2 by means of 
a rope faſten'd to the tail of the Y and carried to 


tion being thus communicated to this dial, which has a bel! * it 
— r ey 


i 
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ſtrikes exactly the geometrical paces, miles or leagues which the ſhi 
has run. Thus * ſhip's diſtance attained; and with equal ealk 

y the forces of tides and currents be diſcovered by this in- 

rument. 

AK CL and BHD are the pallets, which are work' d from the 
legs DE and CE, into the form they appear, to a breadth of about 
4 inches and a half. The length of the pallets (BD and AC) are 
8 inches. The branches or legs DE and CE, are each 15 inches 
and a half long, and 2 in circumference, the diameter of which is 
about two thirds of an inch; and the angle CE D which is contained 
between them is 45 degrees. The ſhank EF is of the ſame thickneſs 
or circumference with CE and DE, and is 27 inches long. At the 
point F there is a ring, where one end of the rope FG is hook'd to 
the machine, the other end G being fix'd to the dial within the ſhip 
or veſſel, This rope may be about 5 fathoms more or. leſs according 
as the dial is fixed high or low in reſpect to the ſurface of the water. 

This machine has but two branches; however it may be form'd of 
three if not four, and adjuſted to the ſame ſtandard or meaſure : but as 
three or four branches would be more ſubje& to entangle themſelves 
in ſea-weeds, and thereby prevent the regular motion of the inſtru- 
ment, if not in ſome meaſure impede the ſhip's way, I cannot but 
recommend their being made only of two branches in the manner I 
have laid down; for in my own experiment at ſea, I have obſerv'd 
thoſe made in this form have been ſo far from being choak'd by 
weeds, that if they met with any, they have always cleared them- 
ſelves of them without the trouble of hauling the engine into the 
„ to do it. This inſtrument: may be regulated ſeveral ways; as 

firſt, by opening or cloſing the angle CE D; ſecondly, by lengthen- 
ing or ſhortening the branches, or turning or bending more or leſs 
the pallets AK CL and BHD]; and ſo in this manner the machine is 
brought to what ſtandard or meaſure you pleaſe, to make the 
revolution anſwer either to a geometrical pace of 5 feet, or to 
10, 12, 14 feet, &c, | i | 

The machines of this kind, which I have tried at ſea in all forts 
of weather, did weigh ſome 4, others 5, and others 6 pounds; the 
weight of them not at all affecting the peculiar property of the inſtru- 
ment, or hindering the regulation thereof according to the methods 
I have laid down. And they may be made of tin as well as iron, and 
ſo light as not to weigh above two or three pounds, which may ſerve 
for any boat, wherry, barge, &c. without any hindrance to their 
rowing or ſailing. The manner of fixing them to a ſhip, or boat, is 
repreſented in fig. 199. | | 

I come now to the explanation of three ſeveral dials, any one of which 
may be uſed with this machine. The firſt dial had three indexes, one 
of which mark'd 10 revolutions of the engine, each revolution 10 feet; 
ſo that the whole round of the circle was 100 feet. As five of theſe 

| : revo- 
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Fig. 198. 


Fig. 299. 


. 


25 menſure a ſhips way in the ſea. Parr l. 
revolutions make 30 feet, which I reckon to be the diſtance marked 
between each knot on the log-line now in uſe at ſea; by holding the 
half-minute'glaſs in one's hand (which is always uſed with the log- 


| 00 one may by inſpection ſee how many times 50 feet ſhe runs in 


| a minute, and of courſe how many miles in an hour, without 
the trouble of employing four or five hands, as there generally is in 
heaving the log. My econd index on this dial marked 100 revolu- 
tions which makes 1000 feet, as the third index did 1000 revolutions 
which is equal to 10,000 feet; and then a lirtle bell ſtruck, ſignifying 
when the ſhip had failed that diſtance, which may be alſo fitted to 
ſtrike to any other meaſure. My ſecond dial had the circle on its 
plate divided into twelve parts, ſo that as the index paſt each diviſion 
the ſhip had run, one mile, and conſequently twelve miles when it had 
meafuted the circumference. On one fide of this dial, I had fixed 


roinute'glaſs I could alfo by inſpection tell what the veſſel run in that 
Pate of time, &c. On my third dial I had three circles; the firſt 


fe gs Which was graduated in ſuch manner, that by the half- 


Was {6 divided as to ſhew when the ſhip had run 60 leagues ; the ſecond 


was fo contrived as to ſhew-when the ſhip had run the ſame diſtance 
in miles; and on the third was mark'd 120 knots; ſo that computing 
each knot at go feet,” the circumference was 6000 feet, which I take 
to be the ſtandard of an Engliſh maritime mile, or the zr part of a 
degree upon the equator; in running which length my inſtrument has 

t 600 revolutions ; to which diſtance a little bell ſtrikes to give 
notice to the man at the helm of the diſtance ſailed in that time. 
Beſides the ſeveral circles on this dial I had alſo two plates on each 
fide having two circles; one divided” into row: leagues, and the other 


into 300 miles; fo that withour hearing the bell ſtrike to every mile 


Hr leggue, one might at any time ſee by them what number of miles 


well affirm that they are ſeldom or never true, in 


or leagnes the ſhip had run, from the time The had left her port. 


Aby this machine I aindertake'to*corte& the errors of che log, 


F flatter my ſelf that a compariſon between that inſtrument and my in- 
vention, will not be unacceptable to the cprious.. 


It. The firſt error T chuſe to touch on in felation to the 


4 log, is in the half and quarter minute glaſſes; I think J oy 
it rarely happens that we can find two to finiſſ their courſe 
“in the ſame ſpace of time; yet if they did run their ſand out 
« equally, it is no demonſtration of their „ lince two that are 
4 falſe may do the ſame as well as two that are true. But admitti 

they were never ſo truly made, they are notwithſtanding fabie 


do error, ſince it is but too well known, that dry and wet weather 


have a great influence on them. Should the half: minute glaſs want 


but two ſeconds, or be two ſeconds too long, it makes an error of 


< ſome miles in 24 hours. If the log be have by quarter-minute 
glaſſes in like manner defective, (which is the general Practice: 
814 — | 11 i * when 


e n 
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* when the ſhip has great way) in doubling the knots, the error is 
5 alſo doubled. Beſides when the ſhip runs after the rate of 8 or 9 
miles an hour, (and the line is left to run off of the reel) it rarely 
happens but ſome fathoms are out before the line can be ſtopp'd ; 
though this may be ſmall in the courſe of 24 hours and therefore 
«© diſregarded ; yet in a long voyage it will make a great addition 
to the many errors in the diſtance (which we gain by the log) 
** which added to thoſe of our judgment, occaſions ſo many that keep 
journals at ſea to be aſhore, when they have reckoned themſelves 
go, 60, or more leagues from the land; and others to be as man 
«© leagues from their port at the time when they have expected to 
« make it, 

gut this inſtrument requires no glaſſes of any kind: let the ſhip 
«© run faſt or ſlow it is the ſame, for it works in proportion, and the 
<< bell ſtrikes to every mile accordingly. To evidence the truth of 
this, I take leave to mention an inſtance, viz. when I was making 


my experiments on the canal, Dr. Deſaguliers was with me, and we 


0 meaſur*d out a certain diſtance there; upon which I fitted my ma- 
c chine to ſtrike to that diſtance, and accordingly it did ſo. We then 
5 alter*d the motion of the boat, and row'd much faſter to the mark 
© than we had done before; however the bell ſtruck when we came 
c up to it to the greateſt exactneſs: and ſuch is the property of this 
« inſtrument, that it may be fitted to ſtrike to miles, leagues, &c. 
ns ſhall be thought proper. This machine is made of materials fo 
«© durable, that one of them ſhall laſt 30 or 60 years; and ſuch is 
<< the price, that they will prove as cheap or cheaper to the govern- 
„ ment than the log, which is attended with an expence of ſo many 
& lines, glaſſes, &c. As for the making a trial of this inſtrument, 
it may be as fully done in the channel as in an Eaſt-India voyage; 
* for if it anſwers to 20, 30, or 40 leagues, the reaſon holds good 
for as many thouſand. | 

2. The chief property of the log is to have it ſwim upright, or 
perpendicular to the plane of the horizon. This is too often want- 
<< ing in logs, becauſe bh few ſeamen examine whether it is ſo or no, 
<* and generally take it upon truſt, being ſatisfied if it weigh a little 
„more at the ſtern than the head. What erroneous reckonings flow 
from hence is but too evident; for if the log does not ſwim up- 
* right it will not hold water, neither remain ſteady in the place 
© where it is heav'd, ſince the leaſt check of the hand in veering the 
line, will make it come up ſeveral feet. This repeated the errors 
«© become fathoms, and perhaps knots, which how inſignificant 
<< ſoever they may ſeem, are miles and parts of miles, and amount to 


much in a long voyage. 


* In anſwer to this, my inſtrument is of ſuch a property, that 
<< there is no neceſſity to take care about its ſwimming z and it is a 
* conſtant truth, peculiar to this inſtrument, that be the ſhip's mo- 


tion on the water what it will, whether ſhe runs one mile or 
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6 ſlower than another, yet all ſhe runs is exactly mark'd on the ſaid in- 
„ ſtrument, as appears plainly from ſome tables of experiments ꝶ made 
e by me in the river Thames, for obtaining the gradual increaſe and 
“ decreaſe of both ebb and flood. | 
3. The ſtretching and ſhrinking of the log-line, is another great 
& error in the uſe of the log; for when a new line is firſt us'd, let it 
ebe ever ſo well ſtretched upon deck and meaſured as true as poſſible, 
„ it ſhrinks after wetting e and therefore if we rely on 
„ the line run out for the ſhip's diſtance, we ought to meaſure and 
alter the knots on it every hour before we uſe it; but I am well 
« affured that this is ſeldom done oftner than once a week, and 
«* ſometimes not above once or twice in a voyage. What great de- 
** pendance then is there on a reckoning kept by the log? ſince in this 
* caſe.the line will ſhrink ſo as to add miles to the other miſtakes 
** of every 24 hours. Again when the line is meaſured to its greateſt 
«degree of ſhrinking it is generally left there; and when by much 
„ uſe it comes to ſtretch again, it is ſeldom ar never mended, al- 
* though it will ſtretch beyond what it firſt ſhrunk. In ſhort ſuch 
are the errors incident to the log, that I don't wonder at our neigh- 
* bours the Dutch for preferring their chips or an irregular pulſe to it; 
* which conjectural reckoning of theirs is obtained after the fol- 
* lowing manner. They fix two marks on the ſide of the ſhip at 
ea certain diſtance, when an experienced perſon, ſtanding at the 
* foremoſt mark, throws a chip over-board, and counts the ſeveral 
s beats of his pulſe during the chip*s paſſage from one mark to the 
other; and from thence it is they compute the number of miles that 
the ſhip runs in an hour. 2] | fd 
As for my inſtrument, it is not hove with a line, but is 
% tow'd aſtern by a rope; and let that rope ſtretch or ſhrink (be 
long or ſhort) it is all one, for the inſtrument will have the ſame 
* true revolutions: Should it be objected that it holds water, I affirm 
from my own experiments of it, that the log hauPd in from 5 or 6 
** knots is much heavier upon the hand; and that the faſter the ſhip 
runs the leſs water this inſtrument of mine holds, becauſe it gives 
** way to the water and turns quicker ; nay I can venture to ſay, that 
it is ſo far from being any conſiderable impediment to the ſhip's 
way, that ſhe does not loſe one mile in an hundred by it. But 
* ſhould this inſtrument be introduced into the navy in caſe of cha- 
ſing an enemy, or the like, it may be taken in at any time, and let 
don again at pleaſure. SEA OW» rg ff 
4. appeal to all ſeamen, if in a moderate gale when the ſhip 
runs 5 or 6 knots, two different perſons - (every way qualified) 
were to heave the log immediately after one another, whether they 
Vwould exactly agree. Surely no. Since tis but chance if they 
do fo, and is what may not happen in an hundred trials. I there- 
fore affirm the log to be very erroneous on this account, and 


that che error frequently increaſes with the wind 3. for in a Riff 
SV 2 . 


* gale 
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6s gale when a ſhip has run about 8 or 9 knots before the wind, it 

«© has been known that two expert ſeamen have hove the log in this 

* manner, and on their comparing notes have found a knot dif- 
t ference ; ſometimes it has been more, and at others leſs, which 
«© muſt certainly make a ſtrange confulion in the reckoning. Under 
<6 this head I take leave to obſerve, that when the log is hove, it is 
* ſometimes in ſo ſtrong a gale that the ſhip runs 9 knots z but be- 
s fore it is hove again there may be ſuch a decreaſe of the wind, that 
for half of the hour ſhe may not run above 5 knots. Her true 
<< diſtance ſailed then is the mean between the extremes of 9 and 3 
<* but this has been ſo far from being conſider'd by ſome chalkers of 
<* the log-board, that it is but too well known the extremes have 
been put for the mean, and the contrary, Were there truth in the 
<< log, two ſhips in company would ned have the ſame account z 
but it is otherwiſe ; for we too often find many leagues difference 
<< in reckonings, even on board the ſame ſhip. Ina word ſuch errors 
have been found in the log by ſome of my acquaintance, that 
<* when they have ſailed between a meridian and a parallel, the whole 
difference on the log-board has not prov'd difference of latitude 
enough to agree with their ' obſervation, although each day they 
had a good obſerv'd latitude and no currents. 

* In this inſtrument we are ſo aſſured of the ſhip's diſtance, 
<< that all ſhips ſhall agree which are in company as to their reckon- 
<< ings, ſave that ſome allowance be made for difference of judgment 
<< in the ſeveral perſons who keep journals. 
There are ſeveral other caſes equally, if not more momentous 

than what I offer here, wherein my machine will be found to 
— the preference of the log, but I forbear to mention them at 

reient. 

X. a. F repreſents a boat on the canal in St. James's Park, Continued. By 

through the rudder of which a ſmall ſpindle paſſes (in e /ame, u. 

an iron Pipe) of which H G is the length. To the point-G are fa- A. 45: 
ſtened four iron fins or flyers, A, B, C and D, in the form of a 1729. 
ſquare, the bars DB and AC, to which they are fixed lying in an Fig. 200. 
horizontal poſition. Theſe flyers are ſo contrived as to have full 

play in any motion of the boat. To the point H, which is the upper 

part of the pipe and ſpindle, is fixed the dial E: now the boat being 

put into motion, the flyers move accordingly, which proportionally 
affecting the ſpindle, the motion is thereby communicated to the 
dial, which may be fitted to ſtrike the miles or leagues that the 

veſſel runs. 

But to deſcribe the firſt movement of this machine more exactly, 

fig. 201. repreſents it unfix d. The croſs or bars DB and AC as I faid Fig. 201. 
before lie flat, or in an horizontal poſition z the arbor or ſpindle, 7 


which is perpendicular thereto, ſcrews into the point G, and paſſes 
thro? an iron pipe to the dial in manner aforeſaid. The flyers ABC 
and D being fitted to move in any motion of the boat, the bars are ac- 


Eee 2 cordingly 
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cordingly affected. This inſtrument is ſo contrived, that two of the 
flyers on one fide ſhall always reſiſt the water in the motion of the 
veſſel, whilſt the other two give way in their turning. The reſiſting 
flyers in this figure are A and B, and D and C will be the fame when 
they come into their poſition ; for they reſiſt and give way alternately 
ſo long as the motion continues, which is always circular; and fo truly 
does it revolve, that be the motion ſwift or flow, in any meaſur'd di- 


ſtance the number of revolutions will be equal. 


This is the machine which I firſt tried on the canal in St. James's 
park, which I choſe the rather to do, in regard I found it to anſwer 
very well in all my experiments. And I am — of opinion that it 
would be an uſeful inſtrument to determine the ſtrength of the tides on 
our ſea coaſt, which if mark'd in our charts might prove advantageous 
to our commerce. But conſidering that tho? this projection might be 
ſerviceable in barges, pleaſure-boats, or other veſſels, in fair and mo- 
derate gales of wind, yet it might prove uſeleſs in boiſterous and ſtormy 
weather, and in long voyages, when it might be choak'd with weeds; 


I therefore fix*d to my other invention the fork, which is contriv'd in 


ſuch a manner, that 1 will even yet be fo bold as to affirm it ſhall de- 
termine the ſhip's way in a ſtorm or when ſhe is ſcudding before the 
wind, when the log is incapable of it. As the canal would not allow r 
me to try with any certainty my iron forks there, I was oblig*d to have 
ſome made of lighter materials, which ſeem'd to anſwer ſomewhat near 
the truth, and made me fo ſanguine as to believe that they would have 
an equal number of revolutions in the ſame diſtance, even tho? the 
motion of the boat was ſwift or flow between mark and mark. 1 
muſt here do my worthy friend Dr. Deſaguliers (who frequently ho- 
nour*d me with his company in the experiments of the aforeſaid inven- 
tion) the juſtice to own, that he diſſented from me in this particular, in 
regard he faid the forks muſt have different poſitions, according to the 
velocity of the veſſel to which . were fix*d, and conſequently could 
not have an equal number of revolutions in ſwift and flow motion. 

' Whilſt I was conſidering where to carry on my experiments to prove 
the verity of my inſtrument, and to anſwer this objection, I had the ho- 
nour to be introduc'd to the late ingenious Samuel Molyneux Eſq; 
whoſe memory will always remain dear to me. As he was ever ready 
to encourage all laudable deſigns, and particularly ſuch as were calcu- 
lated for publick good, he foon became my patron: and as he was then 
one of the lords commiſſioners of the Admiralty, and my machine fell 
within his province, he exprefs*d a deſire to ſee an experiment of it on 
the river Thames : accordingly I ſhew'd to him and ſeveral of the prin- 

ipal officers and commiſſioners of his majeſty*s navy the nature and uſe 


bol it between London and Woolwich, when he ſeem'd to be of the ſame 


opinion wih Dr. Deſaguliers, viz. whether in a certain diſtance and in 


different motions of the veſſel the inftrument could revolye equally ? 


dereupon he adviſed me to take a trip over to Holland and to try my 


| machine with the log in my paſſage; as alſo throughly to examine the 
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truth of his objection on the long canals in that country where there was 
little or no tide or current. | | 

Accordingly I had orders to embark on board the William and Mary 
yacht, and my machine being fix'd at the ſtern of this veſſel, we kept 
her run both by it and the log. On the niceſt calculation in our paſ- 
ſage over, the difference between us was 2 miles and 2640 feet: at this 
I was in no wiſe ſuprized; for as I knew the log to be very erroneous, 
and I undertook to correct the errors oi it by my inſtrument (in the 
truth of which I might then be too forward, as too many are on ſuch 
occaſions) I was aſſured we could not agree; and therefore I charged 
the difference accordingly. | 

Among the conſiderable company on board the yacht, we had a cu- 
rious gentleman Captain Lynſlager commander of one of the Dutch 
men of war, who ſeem' d not a little pleas*d with my contrivance ;, and 
no ſooner did he land in Holland bur he ſpoke of it to ſome gentlemen 
of the higheſt rank there, whoſe curioſity induc*d them to deſire to ſee 
an experiment of this invention: accordingly I was ſent for to the 
Hague, and on the canal there before Baron Hop, Baron Waſſenaar, 
Admiral Somelſdyk, Mr. s*Graveſand (profeſſor of the mathematics 
in the univerſity of Leyden) Captain Lynſlager, &c. we run a certain 
diſtance in ſwift and flow. motion, in order to fee if the inſtrument 
would have an equal number of revolutions therein. In running up 
it revoly*d 2300 times, and in coming down 2060. Here then was 
enough to convince me that Dr. Deſaguliers and Mr. Molyneux had 
Judg'd truly of the fork, and more efpecially ſince the learned Mr. 
*Graveſand joined in opinion with them; who notwithſtanding encou- 
raged me by telling me my labour was not in vain, for that the inſtru- 
ment might ſtill be of good ſervice, by making tables to rectify the 
different revolutions. 

An opinion ſtrongly indulg'd is rarely parted with; the truth of 
which I find in myſelf ; for altho* Dr. Deſaguliers, Mr. Molyneux and 
Mr. 8'Graveſand did jointly agree as to this invention, yet ſtill did I 
entertain ſome {lender thoughts that it muſt anſwer the purpoſe in the 
manner I had propoſed. For when I conſider*d that I had two fathom 
of rope out on the Dutch canal, which was but 3j or 6 foot deep, and 
that the fork of my machine weigh'd about 3 pounds, or 3 and a half, 
and was 2 foot and a half in length, I thought it not unreaſonable to 
ſuppoſe that its weight in the ſloweſt motion of the veſſel might occa- 
ſion it to ſtrike ground, and conſequently impede its motion, and leſſen 
the number of revolutions as above. this I had been fully ſatisfy'd 
whilſt in Holland; but fearing to loſe my paſſage in the yacht, on 
board of which I had embark'd by order of the lords commiſſioners of 
the Admiralty, I was oblig'd to haſten over. 

Not long after I came to England died my worthy patron Mr. Mo- 
lyneux, in whom all men of learning and ingenuity loſt a friend; and 
as there was now but little hope of my going over to Holland in the 
manner I had done before, I was notwithſtanding reſoly*d to take that 
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urney at my own expence z and accordingly did ſo, where I no ſooner 
1e. my experiments but I was convinc'd of the truth of the objections 
of the three learned gentlemen afore mention'd, which is plainly made 
appear from the following figure, wherein the poſition of the fork in 
five different motions of the veſſel is repreſented. See fig. 202, 

T his needs no explanation, for it plainly appears that the pallets will 
be more or leſs affected by the reſiſtance of the water according to the 
poſition they are in; and therefore the revolutions in a ſwift or flow 
motion in the ſame diſtance cannot be equal. | oy 

Being now fully perſuaded that the fork would not revolve equally 
in the — diſtance and in different motions of the veſſel, I now began 
to repair this defect by calculating ſome tables, which render it ſtill a 
very uſeful inſtrument. On what foundation I formed theſe tables there 
will be no need for me to mention, fince I ſhall go on to ſhew what fur- 

ther improvements I have made of this inſtrument, and that it is now 
every way uſeful without them. | | * 


For here the firſt movement of my machine lies horizontal undet 
water, and the difference in its revolutions on this new method was on 
trial in Holland ſcarcely 4 in 332: who then can ſay this difference 
was not owing to the different ſheers in our boat on the canal? The 
following figure ſhews this improvement, wherein the objections of the 
different inclinations of the fork are now entirely remov*d. See fig. 203. 

AFGH is the fork, in the ſame form as the iron fork deſcrib'd 
above fig. 199, which differs from the other only in the materials of 
which it is fram'd, this being contriv'd of ſuch as to make it equipon- 
derous with the water, and to lie in an horizontal poſition, even tho? 
the ſhip or veſſel to which it is faſten'd be at anchor or under fail. 
HB is a rope of a convenient length fix*d to a ſcrew or worm at the 
point B, which goes about 6 inches into an iron pipe, of which BI is 


the length: thro? this pipe an iron ſpindle paſſes into the aforeſaid ſcrew 


or worm to which the dial C is fix d; as ſoon then as the veſſel moves 
the fork. plays in an horizontal poſition, which moving the ſpindle 
within the iron pipe the motion is thereby communicated to the dial, 
which is fitted to firike to che miles or leagues the veſſel runs; and let 
the veſſel move ſwift or ſlow the pallets A and F are equally affected, 
and conſequently muſt meaſure the diſtance fail'd to a greater exactneſs 
than the iron fork is capable of in the manner I have deſcrib'd it above. 
For want of better conveniences when in Holland, I had this iron 
pipe fix*d to a thin board, which I faſten'd to the rudder of the 
veſſel DE; but as I am now falling on a properer method to fix 
this iron pipe, &c. which I could not well do in Holland, ſince the 
cold weather was ſo far ſet in, that it would not allow me to make 
more experiments than I did on that fide, I hope ſoon to make it 
appear that the revolutions are exactly equal in this new improve- 

ment of the fork. 
Poſtſcript. In my firſt diſcourſe on this invention I hinted that I was 
upon making a further improvement in navigation, whereby I propos'd 
| | ta 
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to make a ſhip work far better to windward than it is poſſible for the 
moſt weatherly one to do at preſent; as alſo to make them tack and 
ware in much leſs room than 1s generally done on ſuch occaſions. The 
advantages ariſing from ſuch a projection if it proves practicable muſt 
be conſiderable. For 1. the ſhip which is in danger of a lee-ſhore will 
hereby be enabled to weather the point ſhe may want, and not be forc'd 
in ſtormy weather to anchor in the very breach of the ſhore, and even 
in the jaws of deſtruction. Of this we have had too many melancholy 
inſtances, where ſeveral lives and fortunes have been loſt ; diſaſters of 
which kind, it is humbly conceiv*d, may in a great meaſure be prevented 
by this invention. 2. Hence we need not fear to get the weather-gage 
of an enemy; for by plying to windward much faſter than he can, and 
by tacking and waring in much leſs compaſs, 1 can either leave him, 
or continue to engage him, as ſhall appear moſt convement :- at leaſt I 
can ſo ſpend the day, as to be able to fecure myſelf under the covert 
of the night; or if 1 chance to be near the land, I may hereby be en- 
abled to gain a ſafe harbour. 3. By this invention the wild ſteerage 
which is too frequently made in ſome ſhips will be prevented, which 
all mariners muſt allow to be of ſervice, / eſpecially in chaſing or being 
chaſed by an enemy, as well as in their keeping the reckoning of the 
ſhip's way, &c. _ | | 


— — 


CHAP. VII, 
Ship building. 


HE place where the planks lie to be ſoften'd in the ſtove is Of the nan- 
between two brick-walls, of ſuch a length, height and diſtance ver f lending 
from each other, as ſuffice to admit the largeſt, or to hold a good num- ap bis 
ber of the ſmaller ſort: the bottom is of thick iron plates ſupported 5,7,” 3, 
by ſtrong bars, under the middle of which are two fire-places, whoſe Jana. beat, in- 
flews carry the flame towards the ends. is | woes =4 
The planks are laid, in fand, the loweſt about ſix or eight inches in. * 
above the iron plates, they are well cover'd with the fand, and boards Robert Gay 
laid over all to keep in the heat. The ſand is moiſten'd with warm E 2. 371. 
water (for which purpoſe they have à cauRiron adjoining to the ſtove) 2 1 ; 
and if the timber be large, and intended to be very much bent, ſo haWWt 
it muſt lie long in the ſtove, they water the fand again, once in 8 or 
10 hours. When *tis judg'd to be ſoft enough the ſand is remoy'd, 
and the workmen carry away their reſpective planks to the ſeveral 
places where they are to be us'd ; and having firſt nail'd a thin board 
upon the outſide to preſerve the plank from bruiſes, they fix one part 
in its proper place, and bring to the others by any power they can-moſt 
conveniently apply. This work ſeems to be perform*d with wonderful 
caſe, notwithſtanding; ſome we ſaw were ſo knotty that the builders 
" ic 
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form, but uſed to Tat them into ſhape. The whole operation is per- 
form'd with much leſs trouble to the carpenters, as well as at leſs ex- 


who 8 
the end C of this plank was bent 12 or 13 inches from the ſtreight 


2x "1 B-B, the aſh-boles. | |! 0 Dr nd; 
C. C. the flews under the iron bottom 
_ : D. D. the two chimneys. Ie n 
FE. the place for the planks and ſand. 


die End of the FIRST PART. 
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aſſur'd us they could not have brought them to that curvature by the 
former methods. Thoſe we ſaw pur in between others, very exactly 
fitted the ſpaces they had been cut for; and the workmen told us the 

had made no allowance either for the ſwelling or ſhrinking of the 9 
This method excels that of burning the planks over an open fire in 
ſeveral reſpects, particularly that no part of the wood is deſtroy'd, 
but remains of the ſame dimenſions, at leaſt very nearly, a plank of 
the breadth of 16 inches being ſaid not to alter above = part of an 
inch. The edges of the plank are preſerv'd, and conſequently the 
work muſt be much firmer, and the caulking laſt longer. The extraor- 
dinary ſoftneſs of the wood while it is warm makes it eaſily bend to any 
figure neceſſary in ſhip-building, which it holds very well if they have 
occaſion to take it off again after it is cold ; whereas the plank bent by 
burning would ſtart when looſen'd, and could only be fix*d to the tim- 
bers by ſuch a force as was able to overcome the reſiſtance occaſion'd 
by the ſpring of the plank. It likewiſe adapts itſelf very readily to the 
ſur face of the timbers if they happen to be uneven. 
They ſhew'd us the — — in a ſhip of the ſecond rate; 
which are very large planks, bent and twiſted in ſo peculiar a manner, 
that they never could by any other method bend them into that 


pence; and they hope the wood will be more durable; as tis evident 
from the deep tincture the ſand receives, that a conſiderable quanti 
of ſap comes out of the oak, while it is in the ſtove, and a large plan 
was obſerv'd by the workmen or officers of the yard, to weigh ſome 
pounds leſs, when it was taken out. 
A plank five inches thick requires five or ſix hours to make it fit 
for bending; and the time requiſite for others, ſeems to be in a dupli- 
cate proportion to their thickneſs. . 
Fig. 204. Repreſents a plank in the buttocks of a ſecond rate ſhip, 
S from A to C is three feet, and thickneſs A F 4+ inches, 


line AB. i 
Fig. 205 and 206, ate ſections of the ſtove. 
A. A. the fire- place. 


F. F. the two brick-walls. x 

SG. G. two inclin'd planes, for the men to ſtand on, &c. when 
they put in, or'take out planks, or water the ſand. 
Bi. B. The bottom of the ſtove, made of iron. 

© 4. i. The gates to lay the fewel on. 
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